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Abstract 
Introduction: Prevalence of extended spectrum beta lactamase producing bacteria has been increasing worldwide despite of 

outbreak situations. ESBLs occupying the gastrointestinal tract are spread across other bacteria and humans through the 

environment. The present study is a report on the prevalence of ESBL producers among normal individuals of a rural population 

in south India.  

Materials and Methods: 1000 normal individuals were selected from the villages of Salem district. Stool samples were collected 

and processed in MacConkey agar plates supplemented with Cefotaxime 5ug/ml. Morphological and biochemical methods were 

used to identify the colonies initially. ESBL producing organisms were identified by Double Disk Synergy Test – DDST and 

Phenotypic Confirmatory Disk Diffusion test- PCDDT.  

Results: From the total number of samples, 37.9% has shown bacterial growth. The rate of ESBL producing Enterobacteriaceae 

was found to be 33.8% with E.coli (29.3%) being the predominant species followed by klebsiella (8.6%).  

Conclusion: The results of our study gives a brief information about the multidrug resistance and also the prevalence of ESBL 

producing bacteria in the community faecal flora. Phenotypic methods were successfully applied to screen large number of 

samples. The rate of ESBL producers in the community is notably high. Routine surveillance programmes and awareness of 

hygienic practices among the rural population are highly recommended to monitor and control the spread.  
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Introduction 
Bacteria causes a wide variety of infections ranging 

from minor wounds to life threatening diseases. The 

invention of Penicillin- a beta lactam antibiotic, reduced 

the rate of morbidity and mortality rates due to bacterial 

infectious diseases has been greatly reduced. Beta 

lactam antibiotics prevents the synthesis of the bacterial 

cell wall by binding to a transpeptidase enzyme 

[Penicillin Binding Protein (PBP)] which is required for 

peptidoglycan cross linking.1 The most effective way 

for bacteria to counteract the effect of beta lactams is by 

producing beta lactamases- enzymes that inactivate the 

drugs by hydrolyzing the beta lactam ring of the 

antibiotic.2 This led to the introduction of broad 

spectrum penicillins and first generation cephalosporins 

to overcome the problem of resistance.3 However, the 

beta lactamase have been mutated from a narrow 

spectrum to an extended spectrum, which can hydrolyze 

many types of beta lactam antibiotics including third 

generation cephalosporins.4 Extended-Spectrum – Beta 

Lactamases (ESBLs) have spread across many regions 

of the world and comprising over 300 variants. The 

Plasmid borne beta lactamases capable of hydrolysing 

penicillins provide the most common mechanism of 

resistance to beta lactam antimicrobial agents among 

gram negative bacteria. Beta lactamases encoded in 

plasmids are transferred between different species of 

bacteria which facilitates the emergence of more ESBL 

strains.5 Most common ESBL enzymes are mutants of 

TEM, SHV and CTX genes, whereas other ESBL 

coding genes are also reported, viz., PER and VEB. 

TEM and SHV are plasmid mediated beta lactamases 

and CTX belongs to another class of chromosomal 

origin which shares only 40 of homology with TEM 

and SHV.6-8 TEM-1 enzyme has been detected in 

various bacterial species including Escherichia coli and 

other species of Enterobacteriaceae such as Klebsiella 

pneumonia.9 TEM-1 is able to hydrolyse penicillins and 

early cephalosporins such as cephalothin and 

cephaloridine. There are many derivatives of TEM 

found with single amino acid substitutions.10 SHV beta 

lactamases are most commonly found in K.pneumoniae 

and responsible for the plasmid mediated resistance in 

this species. Unlike the TEM type beta lactamases, 

there are relatively few derivatives of SHV-1.11 CTXM 

with ceftoximase activity has many variants and 

drastically spread in the recent years. The choice to 

overcome beta lactamases leads to the development of 

beta lactam inhibitors. These compounds structurally 

resembles beta lactam antibiotics. They can bind to beta 

lactam antibiotics either reversibly or irreversibly 

protecting the antibiotics from destruction, they serve as 

suicide bombers utilizing all available enzymes, these 

compounds have weak antibacterial activity but are 

potent inhibitors of many plasmid encoded and some 

chromosomal beta lactamases. The three important beta 
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lactamase inhibitors are clavulanic acid, sulbactam and 

tazobactam.12 

Risk factors for the spread of ESBL infection 

includes, hospitalization, surgeries, drainage, drinking 

water and prior administration of antibiotics. Initially 

ESBLs outbreaks were associated with nosocomial 

infections caused by single enzyme- producing strains, 

but recently a significant increase in community 

isolates has been observed. Nosocomial and community 

based spread of ESBL producing bacteria leads to 

therapeutic failure of beta lactam antibiotics.13 

Currently, the appropriate methods for ESBL 

detection are seriously concerned because of the failure 

in treatment of the 3rd generation cephalosporins and 

aztreonam. The phenotypic detection is done to detect 

the resistance of bacteria to the 3rd generation 

cephalosporins together with beta lactamase inhibitor, 

clavulanic acid. There are many phenotypic detection 

methods used in both primary screening and 

confirmation test to detect ESBLs production in 

Enterobacteriaceae.14,15 The CLSI advocates use of 

cefotaxime (30μg) or ceftazidime disks (30μg) with or 

without clavulanate (10μg) for phenotypic confirmation 

of the presence of ESBLs in klebsiellae and Escherichia 

coli.16 

The present work is a community based study aimed to 

detect the prevalence of ESBL producing 

enterobacteriaceae among normal individuals of the 

rural population in south India. 

 

Materials and Methods 
Study subjects: A sum of 1000 healthy individuals of 

both sexes aged 12 to 60 were included in the study. 

The study was conducted from January 2014 to June 

2015 in the Department of Microbiology, Vinayaka 

Missions Kirupanandha Variyar Medical College, 

Salem. Malnourished individuals, cases with 

extremities of age, patients on antibiotics and obvious 

infectious diseases and immunocompromised patients 

were excluded from the study. 

Sample collection and processing: Stool sample was 

collected, inoculated into Mueller Hinton broth 

incorporated with Cefotaxime 5ug/ml and incubated at 

37oC for 24 hours. Tubes which showed turbidity was 

plated on to MacConkey agar supplemented with 

Cefotaxime 5ug/ml and incubated at 37oC for 24 hours. 

Identification of pathogen: Colony morphology and 

gram staining were used to initially identify the 

bacteria. Motile long slender Gram negative bacilli on 

gram staining with large, pink coloured lactose 

fermenting moist colonies on MacConkey agar plate 

were suggestive of Escherichia coli. Non motile stout 

Gram negative bacilli on gram staining with large, pink 

coloured mucoid lactose fermenting colonies were 

suggestive of Klebsiella species. All samples were 

subjected to catalase, oxidase, motility, TSI, indole, 

citrate and urease tests for biochemical 

caharacterization. 

Antibiotic sensitivity test: Antimicrobial susceptibility 

testing was done on Mueller Hinton agar plates by 

Kirby-Bauer’s disc diffusion method as per the Clinical 

and Laboratory Standards Institute (CLSI) guidelines.  

The antibiotic discs namely Amikacin 

(30ug),Amoxycillin / Clavulanic acid (20/10ug),Co-

trimazole (25ug), Ampicillin (10ug), Cefotaxime 

(30ug), Ceftazidime (30ug) , Cefotixin (30ug) 

,Cefepime (30ug), Gentamicin (30ug), Imipenem 

(10ug) were used with Escherichia coli ATCC 25922 

and klebsiella ATCC 13883 as a controls. The 

measured zone of inhibition (mm) was interpreted as 

sensitive/resistant according to the CLSI guidelines  

Double disk synergy test – DDST: The isolates which 

showed resistance or intermediate resistance to any of 

the third generation cephalosporins such as cefotaxime 

or ceftazidime were subjected to ESBL screening by the 

Double Disk synergy test. 

Discs of ceftazidime 30ug, cefotaxime 30ug and 

amoxyclav (20ug amoxicillin and 10ug clavulanic acid) 

were placed at a distance of 15 mm from center ot 

center in a straight line, with the amoxycalv disc in the 

middle on a plate of MH agar. The plates were 

incubated at 37oC overnight. Isolates which showed an 

enhancement of the zone of inhibition as greater than 

5mm on the amoxyclav side of the disc as compared to 

that which was seen on the side without amoxyclav, 

were confirmed as ESBL producers. 

Phenotypic confirmatory Disk Diffusion test 

(PCDDT): Phenotypic confirmatory test was done with 

sensitivity discs containing third generation 

cephalosporins with and without clavulanic acid as 

follows: cefotaxime 30ug and cefotaxime 30ug + 

clavulanic acid 10ug. The zone of inhibition of the 

antibiotic alone was compared with the zone of 

inhibition in combination with clavulanic acid. A 

difference of >_ 5mm increase in zone diameter 

between cefotaxime and cefotaxime with clavulanic 

acid confirms the presence of ESBLs. 

 

Results 
Age and sex distribution: Majority of the study 

population falls in the age of 11 to 40 with a male 

predominance of 65% (Table 1) (Fig. 1). The male: 

female ratio among the study sample was 1.81:1. The 

antibiotic sensitivity tests shown that all the isolates 

were resistant to Cefotaxime, Cefoxitin and 

Ceftazidime, whereas all are sensitive to Amoxyclav. 

Identification of organisms: Among the 1000 

samples, organisms were detected in 379 samples in 

MacConkey medium incorporated with cefotaxime 

5ug/ml. Based on colony morphology and biochemical 

tests, it has been found that majority of the samples had 

shown the presence of E.coli (29.3%). 62.1% of the 

stool sample from the community had not shown any 

organism (Table 2 & 3). The antibiotic sensitivity tests 

shown that all the isolates were resistant to cefotaxime, 
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cefoxitin and ceftazidime, whereas all are sensitive to 

amoxyclav. 

Confirmatory tests for ESBL production: The DDST 

and PCDDT tests were performed only on the samples 

in which the E.coli and klebsiella were detected (379). 

It is seen from the table that the DDS test and PCDDT 

had shown positive for 89.1% of the population (Table 

4).  

 

Table 1: Age distribution of the study population 

Age group Frequency Percentage 

0-10 64 6.4% 

11 – 20  305 30.5% 

21 – 30  529 52.9% 

31 – 40  61 6.1% 

41 – 50  41 4.1% 

Total  1000 100% 

 

Majority of the study population were in the age group between 11 – 30 years and the mean age among them 

was 23.18 years. 

 

Fig. 1: Sex distribution of the study population 

 
 

The male: female ratio among the study sample was 1.81: 1. 

 

Table 2: List of organisms isolated 

Organism detected Frequency Percentage 

No organism  621 62.1% 

E. coli  293 29.3% 

Klebsiella  86 8.6% 

Total  1000 100% 

 

Table 3: Biochemical properties of Escherchia coli and Klebsiella species 

Test Escherchia 

coli 

Klebsiella 

species 

Catalase  Positive Positive 

Oxidase  Negative Negative 

Motility  Motile Non motile 

TSI  A/A +_gas A/A +gas 

Indole  Positive Negative 

Citrate  Not utilized Utilized 

Urease  Negative Positive 

 

Table 4: Detection of ESBL producers by DDST and PCDDT 

Result DDST PCDDT 

Positive 338 338 

Negative  41 41 

Total  379 379 

DDDST: Double Disc Synergy Test. PCDDT: Phenotypic Confirmatory Disc Diffusion Test 
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Discussion 
In hospitals and also in the community, ESBL 

producing gram-negative bacilli especially Escherichia 

coli and K. pneumoniae have emerged drastically 

during the past decade.17 The rate of fecal carriage of 

E.coli and Klebsiella among the healthy individuals of 

the rural population of the present study was found to 

be 37.9%. ESBL producers as confirmed by DDST and 

phenotypic method was 33.8%. 78% of ESBL 

producing isolates were E. coli, and the remaining 22% 

were Klebsiella. There is a paucity of community based 

studies revealing the prevalence of entobacteriaceae in 

India. However the rate of infection in India is found to 

be as low as 7% to a higher range of 87% with a 

maximum of 53% in communities and 85% in 

nosocomial infections.17,18 Despite normally living 

harmlessly in the gut, E. coli can cause various types of 

infections, especially urinary tract infection. In a study 

published by Kader et al, 10.2% of the uropathogens 

isolated from outpatients were ESBL-producing E. 

Coli.19 In another study it had shown that > 12% of 

gram-negative uropathogens isolated from community 

patients were ESBL-producers.20 Some reports from 

Europe and Canada also suggest that infections caused 

by ESBL-producing organisms are emerging among 

community patients.21,22 

The presence of ESBL-producing E. coli in the gut 

not only produce extraintestinal infections, but can also 

result in the transfer of antibiotic-resistance 

determinants to other strains of E. coli and other 

bacteria within the gastrointestinal tract. Their presence 

increases the risk of transmission to other individuals as 

a result of human-to-human transmission or through the 

environment.23 In addition, the admission of carriers to 

hospitals increases the risk of infection for other 

hospitalized patients.9 

The rate of ESBL producers as observed by our 

study is alaramingly high. A study from north India 

found that the rate of enterobacteria in the gastro 

intestinal tract was observed to be only 7.7% and 

subsequent phenotypic detection had confirmed 6.8% 

ESBL producing organisms.24 A hospital based study in 

south India in 2010 observed the rate of ESBL 

producers to be 73%.25 

The spread of ESBL-producing organisms to the 

community could be related to previous hospital 

acquisition as some hospitalized patients continue to 

carry ESBL-producing bacteria over prolonged periods, 

which may contribute to their extrahospital 

propagation.26 In our study, there was no history of any 

recent hospitalization or antibiotic consumption among 

the community patients, many are likely to have been 

exposed to multiple courses of antibiotics. There are 

also studies recognizing the potential risk that 

increasing travel abroad poses to the acquisition of 

antimicrobial-resistant bacteria.27,28 One prospective 

study from Sweden looking at gut colonization found 

an ESBL-producing E. coli acquisition rate of 24% in 

travellers who had been screened before departure.29 

Another study focussed on ESBL-producing 

enterobacteriaceae carriage in patients who had 

travelled abroad and diagnosed for traveller’s diarrhoea 

on their return. A total carriage rate of 24% was 

determined in that study.27 

 

Conclusions 
The rate of ESBL producers as detected by 

phenotypic methods in the study population is quite 

higher and to be taken into serious consideration. Fecal 

shedding in the community setting in India is an 

emerging epidemiological problem that requires 

application of updated control measures. Because of the 

significant public health implication, infectious disease 

physicians, microbiologists and community doctors or 

general practitioners need to be aware that ESBL-

producing strains of bacteria are not only circulating in 

hospital environments but in the community as well and 

they should deal with them accordingly. Confirmation 

of community-based transmission of ESBL requires 

further investigation, including molecular studies, to 

determine the reservoirs and vehicles for dissemination 

of ESBL within the community. Laboratory monitoring 

and detection of ESBL-producing bacteria are 

important steps in the appropriate treatment of patients 

and infection control efforts. It is also crucial in the 

tracking and monitoring of these resistant bacteria in 

community surveillance programmes. As a control 

measure, awareness programmes on hygienic practices 

among the rural population is also advised. 

 

References 
1. Hendlin D, Stapley EO, Jackson M, Wallick H, Miller 

AK, Wolf FJ, et al. Phosphonomycin, A new antibiotic 

produced by strains of Streptomyces. Science. 

1969;166(3901):122. 

2. Abraham EP,chain E,DLetcher CM,Florey HW,et al. 

Further observations on penicillin. Eur j clin pharmacol 

1941;42:3-9. 

3. Medeiros AA.Evolution and dissemination of beta 

lactamases accelerated by generations of beta lactam 

antibiotics.Clin infect Dis 1997;24:19-45. 

4. Ambler RP. The structure of beta lactamases. Phil trans R 

soc land B 1980; 289:321-331 

5. Paterson DL. Beta lactamase inhibitors and new beta 

lactamases. Curr treat options infect Dis 1999;1:85-7. 

6. Kanj SS,Kanafani ZA.Current concepts in Antimicrobial 

Therapy Against Resistant Gram Negative Organisms: 

Extended Spectrum beta lactamase producing 

Enterobacteriaceae.Mayo clin proc 2011;86:250-9. 

7. Malloy AM, Campos JM. Extended Spectrum beta 

lactamases: a brief clinical update. Pediatr infect Dis J 

2011;30:1092-3. 

8. Lee CH, Su LH, Tang YF,et al. Treatment of ESBL 

producing klebsiella pneumonia bacteraemia with 

carbapenams , a retrospective study and laboratory 

analysis of the isolates. Antimicrob chemother 

2006;58:1074-7. 



Sunil Indernath et al.                               Prevalence and phenotypic characterization of ESBL producing E.coli…  

Indian Journal of Microbiology Research, January-March, 2018;5(1):52-56                                                            56 

9. Livermore DM. Beta lactamases in laboratory and clinical 

resistance. Clin Microbiol Rev. 1995;8:557-84. 

10. Barthelemy M,Peduzzi J,Labia R. Distinction enterles 

structures primariesdes beta lactamases TEM-1 and 

TEM-2. Ann inst Pasteur microbial.1985;136A:311-21 

11. El Harrif Heraud Z,Arpin C,Benliman S,Quentin C. 

Molecular epidemiology of a nosocomial outbreak due to 

SHV 4 producing strains of citrobacter diverus.J Clin 

microbial.1997;35:2561-7. 

12. Karen Bush, George A,Jacoby and Antone A. A 

functional classification scheme for beta lactamases and 

its correlation with molecular structure.Antimicrobial 

agents and chemotherapy, june 1995, vol 39;6:1211-33 

13. Morosini MI, García-Castillo M, Coque TM, Valverde A, 

Novais A, Loza E, Baquero F, Cantón R: Antibiotic 

coresistance in extended-spectrum-β-lactamase-producing 

Enterobacteriaceae and in vitro activity of tigecycline. 

Antimicrob Agents Chemother 2006,50:2695-9. 

14. Philioppon A,Arlet G,Jacoby GA.Plasmid determined 

AmpC type beta lactamases.Antimicrob agents 

chemother2002;46:1-11. 

15. Nordmann P,Poirel L.Emerging carbapenemases in gram 

negative aerobes.Clin Microbiol infect 2002;8:321-31. 

16. Clinical and Laboratory standards institute. Performance 

standards for antimicrobial susceptibility testing; 21th 

informational supplement. CLSI document M 100-S21. 

Wayne,PA clinical and laboratory standards 

institute;2011. 

17. BN Chaudhuri, C Rodrigues, V Balaji, R Iyer, U Sekar, 

Chand Wattal, DS Chitnis, TN Dhole, Sangeeta Joshi. 

Incidence of ESBL Producers amongst Gram-negative 

Bacilli Isolated from Intra-abdominal Infections 

acrossIndia (Based on SMART Study, 2007 Data). JAPI. 

2011:59:1-6. 

18. Manchanda V, Singh NP, Goyal R, Kumar A, Thukral 

SS. Phenotypic characteristics of clinical isolates of 

Klebsiella pneumoniae and evaluation of available 

techniques for detection of extended spectrum beta-

lactamases. Indian J Med Res 2005; 122:330-7. 

19. Kader AA, Kumar A. Extended-spectrum beta-lactamases 

in urinary isolates of Escherichia coli, Klebsiella 

pneumoniae and other Gram-negative bacteria in a 

hospital in Eastern Province, Saudi Arabia. Saudi medical 

journal, 2005, 26(6):956–9. 

20. Kader AA, Kumar A. Prevalence and antimicrobial 

susceptibility of extended-spectrum beta-lactamase-

producing Escherichia coli and Klebsiella pneumonia in a 

general hospital. Annals of Saudi medicine, 2005, 25 

(3):239–42. 

21. Woodford N et al. Community and hospital spread of 

Escherichia coli producing CTX-M extended-spectrum β-

lactamases in the UK. Journal of antimicrobial 

chemotherapy, 2004, 54:735–43. 

22. Cormican M et al. Extended-spectrum β-lactamase 

production and fluoroquinolone resistance in pathogens 

associated with community urinary tract infection. 

Diagnostic microbiology and infectious disease, 1998, 

32:317–9. 

23. Levin BR. Minimizing potential resistance: a population 

dynamics view. Clinical infectious diseases, 2001, 

33(Suppl. 3):S161–9. 

24. Mohd Rashid, Syamal Modi, Tarana Sarwat, Yogesh 

Chander, Vichal Rastogi, and Harmesh Manocha. 

Carriage of ESBL and AmpC-Positive Enterobacteriaceae 

in Gastrointestinal Tract of Healthy Community Subjects 

and Hospitalized Patients and Detection of blaCTX-M 

Gene in ESBL Positive Isolates 

Int.J.Curr.Microbiol.App.Sci. 2015:1:198-206. 

25. KPP Abhilash, Balaji Veeraraghavan, OC Abraham. 

Epidemiology and Outcome of Bacteremia Caused by 

Extended Spectrum Beta-Lactamase (Esbl)-producing 

Escherichia coli and Klebsiella Spp. in a Tertiary Care 

Teaching Hospital in South India. JAPI.2010:58:13-7. 

26. Bosi C et al. Most Enterobacter aerogenes strains in 

France belong to a prevalent clone. Journal of clinical 

microbiology, 1999,37:2165–9. 

27. Kennedy K, Collignon P. Colonisation with Escherichia 

coli resistant to “critically important” antibiotics: a high 

risk for international travellers. Eur J Clin Microbiol 

Infect Dis 2010;29:1501–6. 

28. Tham J, Odenholt I, Walder M et al. Extended-spectrum 

b-lactamase-producing Escherichia coli in patients with 

travellers’ diarrhoea. Scand J Infect Dis 2010; 42:275–80. 

29. Tangden T, Cars O, Melhus A et al. Foreign travel is a 

major risk factor for colonization with Escherichia coli 

producing CTX-M-type extended-spectrum b-lactamases: 

a prospective study with Swedish volunteers. Antimicrob 

Agents Chemother 2010; 54:3564 –8. 

 

How to cite this article: Indernath S, Priyadharsini RI, 

Manikkanan M, Babu SV. Prevalence and phenotypic 

characterization of ESBL producing E.coli and Klebsiella 

among the fecal isolates of normal population. Indian J 

Microbiol Res 2018;5(1):52-56. 

 


