
 

 

PHENOTYPIC AND MOLECULAR CHARACTERIZATION 
OF EXTENDED SPECTRUM BETA-LACTAMASES IN 

CLINICAL ISOLATES OF KLEBSIELLA PNEUMONIAE 
AMONG CHILDREN 

 
 
 

 
 
 
 
 

 
 
 
 
 
 
 

 
 

NAME:     HASAN EJAZ 
 

0 3 8 - PHD - BIOT - 2 0 0 9 
 
SESSION:       2009-2012 

  
 
 
 

INSTITUTE OF INDUSTRIAL BIOTECHNOLOGY 
 

 
 
 

ROLL NO: 



 

 

A THESIS TITLED 
 

PHENOTYPIC AND MOLECULAR CHARACTERIZATION 
OF EXTENDED SPECTRUM BETA-LACTAMASES IN 

CLINICAL ISOLATES OF KLEBSIELLA PNEUMONIAE 
AMONG CHILDREN 

 
 

Submitted to Government College University Lahore in partial fulfillment of 
the requirements for the award of degree of 

 
 

 

Doctor of Philosophy  
 

In 
 

Biotechnology 
 

By 
 

HASAN EJAZ 
 

 
0 3 8 - PHD - BIOT - 2 0 0 9 

 
SESSION:       2009-2012 

 
 
 
 
 

INSTITUTE OF INDUSTRIAL BIOTECHNOLOGY 
 

 
 

ROLL NO: 



   
DECLARATION 

 
 

DECLARATION 

I, Mr. Hasan Ejaz, Roll # 038-PhD-BioT-2009 student of PhD in the subject of 

Biotechnology session 2009-2012, hereby declare that the matter printed in the thesis 

titled “Phenotypic and molecular characterization of extended spectrum beta-

lactamases in clinical isolates of Klebsiella pneumoniae among children” is my own 

work and has not been printed, published and submitted as research work, thesis or 

publication in any form in any University, Research Institution etc in Pakistan or abroad. 

 

 

 

 

 

Dated: _______________    _______________________ 

           Signature of Deponent 



   
CERTIFICATE 

 
 

CERTIFICATE 
Certified that the research work contained in this thesis titled “Phenotypic and 

molecular characterization of extended spectrum beta-lactamases in clinical isolates 

of Klebsiella pneumoniae among children” has been carried out and completed by Mr. 

Hasan Ejaz, Roll # 038-PhD-BioT-2009 under our supervision during his PhD studies in 

the subject of Biotechnology. 

 

 

 

_________________________  _____________________________        
 Date                 Prof. Dr. Ikram-ul-Haq, SI, FPAS  
                                                                         Supervisor  
 
 
 
________________________  ____________________________ 
Date      Dr. Saqib Mahmood 
       Co-Supervisor 
Submitted Through:  
 
 
 
 
________________________   ___________________________ 
Prof. Dr. Ikram-ul-Haq, SI, FPAS   Controller of Examinations 
Director, Institute of Industrial Biotechnology Government College University, 
Government College University, Lahore.  Lahore. 
 
 
 
 
 
 
 
  
 



   
DEDICATION 

 
 

 

 

 

 

 

 

DEDICATED TO 
 

 

 

        

       MY PARENTS 

       For Support And  

       Encouragement 

    MY WIFE & KIDS 

       For Patience, 

       Understanding And 

       Precious Love 

 

  



   
CONTENTS 

 
 

 

CONTENTS Page 
No. 

Acknowledgements………………………………………………………...

Abstract…………………………………………………………………….

List of tables………………………………………………………………..

List of figures…………………….………………………………………... 

i 

iii 

vi 

vii 

Chapter # 1 

Introduction…………………………………………………………..……

Objectives…………………………………………………………………..

 

1 

11 

Chapter # 2 

Literature Review………………………………………………………… 

 

12 

Chapter # 3 

Materials and Methods……………………………………………………

 

47 

Chapter # 4 

Results……………………………………………………………………... 58 

Chapter # 5 

Discussion………………………………………………………………… 

Conclusion………………………………………………………………… 

Future Plans……………………………………………………………… 

85 

96 

98 

Chapter # 6 
References………………………………………………………………… 

Appendices…………………………………………………………………

 

99 

124 



  i 
ACKNOWLEDGEMENTS 

 
 

ACKNOWLEDGEMENTS 
With the humblest and sincerest words, I thank Almighty God, the Compassionate and 

Merciful, Who bestowed upon me the potential and ability to contribute a drop of 

material in the existing ocean of knowledge. 

It is an occasion of greatest pleasure and honour for me to express my sincere 

gratitude and deepest appreciation to my research supervisor Professor Dr. Ikram-ul-

Haq, SI, Director, Institute of industrial Biotechnology, GC University Lahore, Pakistan 

for his invaluable help, guidance and inspiring encouragement which contributed greatly 

towards the completion of this research project. His approach to allow a large degree of 

freedom in my research, whilst keeping me on track, has meant that I have been able to 

follow my own interests, take on more responsibilities and developed invaluable 

independence skills. I am grateful to my co-supervisor Dr. Saqib Mahmood, Assistant 

Professor, Department of Human Genetics & Molecular Biology, University of Health 

Sciences, Lahore, Pakistan who was never too busy to lend his advice when I needed it. 

Special thanks to Professor Dr. Tahir Masood (Ex-Dean), Professor Dr. Ahsan 

Waheed Rathore (Medical Director), Professor Dr. Masood Sadiq (Chairman Ethical 

Committee & Current Dean) and Dr. Aizza Zafar (Associate Professor & Head of 

Microbiology Department), The Children’s Hospital & Institute of Child Health Lahore, 

for allowing me to conduct my research work in their esteem institute and providing me 

all the necessary facilities. Dr. Aizza always provided her valuable suggestions, 

constructive criticism and necessary corrections during the completion of this thesis. 

Without her support and vigilant guidance, it would have been immensely difficult to 

complete this work. I also give thanks to other colleagues of the hospital, Dr. Salma 

Hafeez, Dr. Muhammad Zubair, Ms. Humera Javed, Dr. Naima Mehdi, Ms. Tahseen 

Fatima, Mr. Suleman, Mr. Ashraf, Mr. Jamshed, Saira, Rabia, Talha, Marva and Wajeeha 

for their encouragement and support. 

I wish to express my special gratitude and thanks to my foreign supervisor 

Professor Richard Strugnell (Head of Strugnell Lab and Pro Vice-Chancellor Graduate 

Research) who had his enormous contribution in guidance and providing me the research 

facilities during my stay at Microbiology and Immunology Department, University of 



  ii 
ACKNOWLEDGEMENTS 

 
 

Melbourne, Australia. I learnt a lot from his mentorship and fortunate to have been a part 

of their lab. Many thanks to Dr. Jonathan Wilksch (Senior Research Officer) who 

taught me how to walk in molecular biology and Dr. Nancy Wang (Research Officer) 

who taught me how to climb over the data analysis. I greatly appreciate their constant 

support, encouragement and suggestion given to me throughout my stay at the University 

of Melbourne and even afterwards. Thanks to Tim Scott, Andre, Marie, Mary, Hanwei, 

Chenying, Kathryn, Sammy, Odilia, Andreas, Bianca, Asma, Christina, Kasidis, Tim 

Stinear and Acep at the University of Melbourne for their support and encouragement. 

How can I forget say thanks to Higher Education Commission (HEC) Pakistan who 

provided me scholarship to successfully complete my research work at the University of 

Melbourne. 

I am deeply indebted to all of my teachers at the GC University Lahore especially 

Dr. Muhammad Mohsin Javed, Dr. Hamid Mukhtar, Dr. Muhammad Nauman 

Aftab and Dr. Sikandar Ali for their enthusiastic guidance, encouragement and 

generous advices. 

Words fail to express my true feelings of sincere gratitude to my caring and 

loving wife Asiya Hasan for backing me up emotionally, spiritually and morally to 

achieve this goal, without her support this study would have been impossible. Thanks to 

my lovely sons Muhammad Shahab Hasan, Muhammad Shahwaiz Hasan and 

Muhammad Shafay Hasan for their innocent love and patience. I shall be failing in my 

task of acknowledgment without thinking of my Parents whose blessing, encouragement 

and teaching have always served as a beacon of light against all odds. Finally, I must 

thank to my other family members and friends for their continued love and support. 

 

 

 

HASAN EJAZ 

 



  iii 
ABSTRACT 

 
 

ABSTRACT 
Extended-spectrum -lactamases (ESBLs) are enzymes that can hydrolyze extended-

spectrum cephalosporins and monobactams. ESBL-producing Klebsiella pneumoniae are 

responsible for serious morbidity and mortality among paediatric patients. This study 

aimed to determine the frequency of ESBL-producing K. pneumoniae, phenotypic 

characterization techniques and antimicrobial resistance pattern. The study was also 

established to determine the molecular characterization of blaSHV, blaTEM, blaCTX-M genes 

which are responsible for ESBL-mediated antibiotic resistance. 

The study was conducted at The Children’s Hospital & Institute of Child Health, 

Lahore, Pakistan during May 2010 to February 2012. The molecular studies of blaSHV, 

blaTEM, blaCTX-M and integron genes were performed during October 2012 to April 2013 

at the Microbiology and Immunology Department, The University of Melbourne, 

Australia. Various clinical samples were collected and studied from paediatric patients, 

including blood, central venous pressure line, cerebrospinal fluid, ear swab, endotracheal 

tube, peritoneal dialysis catheter, pleural fluid, pus, tracheal secretion, urine and wound 

swab. The organisms were identified using various biochemical tests and the API 20E 

system. ESBL production was determined using double disk synergy test (DDST) and 

Clinical and Laboratory Standards Institute (CLSI) confirmatory test. The antimicrobial 

resistance pattern of ESBL-producing K. pneumoniae was determined using Kirby-Bauer 

disc diffusion method with various antibiotic groups. The target genes were amplified 

and DNA sequencing was performed for blaSHV and blaTEM genes to find out the 

mutations responsible for ESBL genotype.   

Screening of 710 K. pneumoniae isolates showed 214 (30.1%) were ESBL screen 

positive K. pneumoniae. The CLSI confirmatory test showed significantly greater 

sensitivity (p<0.0001) compared to DDST. There were 82 (38.3%) neonates infected with 

ESBL K. pneumoniae and 152 (71.0%) of the total cases were males. The most common 

sources of ESBL K. pneumoniae were blood (117; 54.7%) and urine (46; 21.5%). Of the 

214 cases, 92 (43.0%) cases were isolated from Neonatal Nursery Unit and (47; 22.0%) 

Nephrology. Patients presented with various symptoms such as fever (125 cases; 58.4%) 

and respiratory distress (104 cases; 48.6%). Important interventions given to the patients 
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included intravenous line (209 cases; 97.7%), urinary catheters (46; 21.5%) and 

endotracheal tube (18; 8.4%). The outcome of the patients showed the successful 

discharge of 127 (59.0%) patients after treatment while there were 56 (26.0%) cases of 

mortality and 31 (15.0%) left against medical advice (LAMA). There was no significant 

correlation (p=0.1396) found between length of stay and mortality of the patient. 

Neonates infected with K. pneumoniae had a significantly higher chance of mortality than 

the older age groups (p=0.0140), while there was no association of outcome (p=1.0000) 

between the two genders. A higher mortality rate (p=0.0005) was seen among the 

septicemic patients. The mortality rate was significantly higher (p=0.0013) in patients 

who presented with respiratory distress symptoms. 

 An antibiotic resistance profile of ESBL-producing K. pneumoniae was 

performed against 18 antibiotics. All ESBL K. pneumoniae isolates were resistant to 

ceftazidime, ceftriaxone, cefotaxime and cefuroxime. The antibiotics that K. pneumoniae 

were most resistant to, include co-amoxiclav (212; 99.1%), cefpodoxime (210; 98.1%), 

co-trimoxazole (207; 96.7%), gentamicin (201; 93.9%), tobramycin (199; 93.0%), 

aztreonam (192; 89.7%), cefepime (171; 79.9%) and amikacin (164; 76.6%). Only 41 

(19.2%) isolates were resistant to cefoxitin and 96 (44.9%) showed medium level 

resistance to ciprofloxacin. Only one (0.5%) isolate showed resistance to imipenem and 

meropenem. The number of isolates displaying resistance to sulbactam-cefoperazone and 

piperacillin-tazobactam were 13 (6.1%) and 7 (3.3%), respectively. The number of 

antibiotics to which K. pneumoniae were resistant in each patient were compared in 

patients with (n=67) or without (n=147) history of antibiotic use in the last three months. 

No significant difference (p=0.5298) found between the two groups. 

 Amplification and analysis of bla genes showed the majority of K. pneumoniae 

isolates carry the blaSHV (99.5%), blaTEM (93.0%) and blaCTX-M (99.0%) genes. All of the 

TEM genes isolated in this study were wild type TEM-1 β-lactamases. The ESBL type 

SHV detected in the present study were SHV-28 (19.2%), SHV-12 (5.2%) and SHV-110 

(0.5%), while non-ESBL type SHV were SHV-1 (20.2%), SHV-11 (31.5%), SHV-42 

(1.9%) and SHV-27 (1.4%). The CTX-M-1 group β-lactamases was identified in 99% of 

the strains. K. pneumoniae isolates in the present study were also studied for the presence 

of an integrase gene and it was found that 94.9% of isolates had a class 1 integrase, while 
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the class 2 and 3 integrase genes were identified in 1.4% and 0.9% of isolates, 

respectively. 

This is the first study conducted on clinical isolates of ESBL-producing K. 

pneumoniae among paediatric patients from a tertiary care paediatric hospital of Pakistan. 

The high prevalence of ESBL-producing K. pneumoniae among paediatric patients is 

responsible for prolonged hospital stay and an increased financial burden on parents and 

the government. Cephalosporins, monobactams, aminoglycosides and sulfonamide drugs 

do not prove to be a good choice for the treatment of ESBL-producing K. pneumoniae 

infections to high rates of resistance to these antibiotics. This study recommends the use 

of carbapenems, sulbactam-cefoperazone and piperacillin-tazobactam for the treatment of 

ESBL K. pneumoniae infections but they should be used as a last resort following culture 

and susceptibility testing. It is being recommended that a stricter infection control policy 

should be implemented to control the horizontal transfer of blaSHV, blaTEM, blaCTX-M genes 

and integrons in clinical isolates of K. pneumoniae and other bacteria. 
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INTRODUCTION 
Resistance to antimicrobial drugs is a phenomenon whereby microbes, through mutation 

or acquisition of certain genes, results in the failure of the drug to fully exert its desired 

function. As a result, the treatment of many infectious agents has become difficult (Mazel 

and Davies, 1999). This is a serious public health concern which has led to a higher rate 

of patient morbidity and mortality (Swoboda et al., 2004). Antimicrobial resistance genes 

encode enzymes which have varied functions, such as antibiotic degradation, cell 

membrane modification to prevent uptake of the drug, bacterial protein modification or 

developing a new metabolic pathway (Cheesbrough, 2006). Increasing incidence rates of 

resistance is primarily due to injudicious use of antibiotics (many physicians incorrectly 

prescribe antibiotics to treat viral infections), non-prescribed antibiotic use, and the 

common use of wide spectrum antibiotics (Arnold and Straus, 2005). Environmental 

microbes can be highly resistant to various antibiotics and although nonpathogenic to 

humans, these organisms can transfer antibiotic resistance genes to pathogenic bacteria 

(Wright, 2010).  

The β-lactam antibiotics contain a β-lactam ring in their structure and these 

include cephalosporins, penicillin, monobactams and carbapenems. Most of the β-lactam 

antibiotics work by inhibiting cell wall synthesis. They bind to penicillin-binding proteins 

and stop the process of transpeptidation, hence the cell wall synthesis (Holten and 

Onusko, 2000).  

 

Figure 1.1: Core structure of penicillin (1) and cephalosporin (2) with β-lactam ring 

(red)  
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Bacteria have evolved mechanisms to resist the effects  of β-lactam compounds, 

including the production of β-lactamases, modifying the antibiotic binding site, or 

altering antibiotic uptake mechanisms (Knothe et al., 1983). The production of β-

lactamases amongst clinical isolates of Enterobacteriaceae is the most frequent and 

widespread mechanism which is responsible for resistance to β-lactam antibiotics 

(Sanders and Sanders, 1992). -lactamases are enzymes secreted into the bacterial 

periplasm that can cleave -lactam ring structures, thereby inactivating the antibiotic. 

More than 500 various -lactamases have been reported so far and this number is 

continuously increasing (Rubtsova et al., 2010). β-lactamases have been identified and 

classified into four classes, based on amino acid composition. These groups are denoted 

as A, B, C and D (Bush et al., 1995). β-lactamases belonging to groups A, C and D 

contain a serine residue within the active site, while group B members are metallo-β-

lactamases that require zinc as a cofactor (Nukaga et al., 2003). 

Extended-spectrum -lactamases (ESBLs) are enzymes that can hydrolyze 

oxyiminocephalosporins and monobactams. The inactivation of these antibiotics, which 

include aztreonam, cefotaxime, ceftriaxone and ceftazidime, results in the resistance to 

these drugs (Rasheed et al., 2000; Bush, 2001). In vitro studies show that the β-lactamase 

inhibitors such as sulbactam, tazobactam and clavulanic acid inhibit the class A ESBLs. 

However, ESBLs belonging to classes B, C and D have no affect by these inhibitors 

(Patricia, 2001). 

The majority of ESBLs are plasmid mediated and are derived from SHV 

(sulfhydral variable), TEM and CTX-M enzymes by the process of mutation, which 

results in amino acid substitutions in the proximity of the active site (Kaye et al., 2000). 

All of these enzyme contain serine and have molecular mass of around 29kDa (Rubtsova 

et al., 2010). The plasmids that harbour ESBL-producing genes can also carry genes that 

encode resistance to other antibiotics such as trimethoprim, aminoglycosides, 

sulfonamides, tetracycline and chloramphenicol (Paterson, 2000). Recent studies have 

shown that co-transfer of plasmid-encoded quinolone resistance genes (qnr) on ESBL-

producing plasmids confer increased resistance to nalidixic acid and fluoroquinolones 

(Mammeri et al., 2005). 
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Integrons are genetic units which are capable of carrying mobile DNA elements 

which are also called gene cassettes. A promoter is also provided for the expression of 

gene cassettes and have site specific recombinase (integrase) and adjacent site, attI (Hall 

and Collis, 1995). Integrons can carry one or more antibiotic resistant genes in a cassette 

and can transfer the cassette by horizontal transfer. Ten different classes of integrons 

have been reported while the medically important integrons are Integron 1, 2 and 3. SHV, 

TEM and CTX-M genes can be found in integrons along with the other antibiotic 

resistant genes (Machado et al., 2005). Class 1 integrons are mostly detected in hospital 

and community environment followed by class 2 (Rowe-Magnus and Mazel, 2002). The 

class 1 integrons are widely distributed among K. pneumoniae and can carry a gene 

cassette that contains ESBL and non-ESBL antibiotic resistant genes (Sun et al., 2013). 

The SHV and TEM β-lactamases are the most widespread secondary β-lactamases 

amongst clinical isolates of Enterobacteriaceae throughout the world (Pagani et al., 

2000). The evolutionary success of these bacteria is most likely due to their effective 

actions against cephalosporins and penicillins. The enhanced survival of these bacteria is 

also due to the presence of either blaSHV or blaTEM on mobilizable or self-transmissible 

plasmids, which are capable of horizontal spread of these genes among different species 

of Enterobacteriaceae. The cephamycins and carbapenems remained resistant to SHV 

and TEM type ESBLs, whilst mechanism based β-lactamase inhibitors, tazobactam and 

clavulanate have retained a proficient inhibitory action (Chaibi et al., 1999). The blaSHV 

and blaTEM can be identified by DNA probe, isoelectric focusing (IEF), polymerase chain 

reaction (PCR), restriction fragment length polymorphism (RFLP) and sequencing of 

DNA (Pfaller et al., 2001). 

Plasmid-transferable -lactamase was initially discovered in the 1960s. It was 

called TEM-1 after Temoniera, name of a Greek child who harboured an E. coli isolate 

that carried the enzyme. TEM-1, a class A -lactamase, is accountable for 90% of the 

ampicillin resistance observed amongst Gram negative bacteria (Cooksey et al., 1990). β-

lactam antibiotic resistance is commonly present due to TEM-1 and TEM-2. Some 

variants of TEM-1 and TEM-2 which are resistant to clavulanate are termed as inhibitor 

resistant TEM (IRT). There are minimum 19 IRT have been reported so far (Lemozy et 

al., 1995). Opening of the active site of TEM enzyme due to amino acid substitution 
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allows the attachment of β-lactam antibiotics for hydrolysis (Nukaga et al., 2003; Knox, 

1995). TEM-1 and SHV-1 share 68% of amino acid similarity (Tzouvelekis and Bonomo, 

1999). Over 170 type of -lactamases have been reported out of which 90 are ESBL 

TEM enzymes. The most common mutations are found in TEM at position 21, 39, 69, 

104, 164, 182, 238, 240, 244, 265 and 275 (Rubtsova et al., 2010). 

SHV-1 is the second most common enzyme and blaSHV-1 gene is integrated into 

Klebsiella pneumoniae chromosome (Livermore, 1995). The SHV-2 was first ESBL 

mutant differing from SHV-1 by the single mutation at position 238 from Glycine to 

Serine. There are about 130 mutants of SHV type -lactamases have been reported. The 

most common mutations found at position 35, 238 and 240 while SHV-10 is IRT -

lactamase (Rubtsova et al., 2010). Chromosomal mediated -lactamase families of 

blaSHV, blaLEN and blaOKP were evolved millions of years ago in Klebsiella pneumoniae 

from a common ancestor (Haeggman et al., 2004).  

CTX-M -lactamases first time isolated in 1989 can more efficiently hydrolyse 

cefotaxime than ceftazidime also belong to the plasmid-mediated class A β-lactamases 

(Bauernfeind et al., 1990). CTX-M -lactamases are divided into five clusters of CTX-

M-1, CTX-M-2, CTX-M-8, CTX-M-9, CTX-M-25 and their mutants. CTX-M β-

lactamases show approximately 40% similarity to SHV and TEM β-lactamases 

(Tzouvelekis et al., 2000). The most commonly isolated CTX-M β-lactamases are CTX-

M-15, CTX-M-14, CTX-M-3 and CTX-M-2 (Woodford et al., 2004). There are more 

than 40 CTX-M enzymes that have been reported up till now (Bonnet, 2004). 

The most commonly isolated variants of TEM in United States are TEM-10, 

TEM-12 and TEM-26. SHV variants which are predominant in United States and all over 

the world are SHV-5 and SHV-12 (Paterson et al., 2000). Most of the CTX-M β-

lactamases have been reported from Eastern Europe, South America and Japan (Bradford 

et al., 1998). OXA β-lactamases is another family of ESBL that has been reported in 

bacterial isolates from Turkey and France. They belong to class D enzymes and are 

different from SHV and TEM enzymes. They have higher hydrolytic action on cloxacillin 

and oxacillin; poorly inhibited by clavulanate and weak resistance to 

oxyiminocephalosporins (Patricia, 2001). 
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AmpC β-lactamases are analogous to chromosomal β-lactamases of Citrobacter 

and Enterobacter species. They also cause antibiotic resistance to aztreonam, extended-

spectrum cephalosporins (cefotaxime, ceftriaxone and ceftazidime) and cefoxitin 

(Livermore, 1995). AmpC β-lactamases are class C enzymes which are emerging in many 

areas worldwide (Caroff et al., 1999). Clavulanic acid and other β-lactamase inhibitors 

are not affective against AmpC β-lactamases. Thus, an ESBL confirmatory test by using 

clavulanate should be performed, since strains which produce AmpC β-lactamases could 

be assumed to be ESBL positive (Fred et al., 1999). 

ESBLs are most frequently produced by the clinical isolates of E. coli and K. 

pneumoniae (Livermore, 1995). Less frequently, other non-fermenting Gram negative 

rods and Enterobacteriaceae also produce ESBLs (Bush and Jacoby, 2010). These 

species include Enterobacter cloacae, Serratia marcescens, Klebsiella oxytoca, 

Morganella morganii, Pseudomonas aeruginosa, Proteus mirabilis, Shigella 

dysenteriae, Burkholderia cepacia, Salmonella and Citrobacter species (Goussard and 

Courvalin, 1999). 

ESBLs are now widespread amongst bacterial species and are a major reason of 

nosocomial infections (Bjorn et al., 2005). K. pneumoniae harbour SHV, TEM and CTX-

M type ESBL genes in community acquired infections (Chong et al., 2013). Multidrug 

resistant K. pneumoniae are linked to high mortality rates, predominantly in association 

with serious infections such as septicemia (Bjorn et al., 2005; Correa et al., 2013). Many 

risk factors are associated with patient colonization of ESBL-producing strains, including 

prolonged hospital stay, admission to an intensive care unit (ICU), invasive procedures 

using instrumentation, recent surgery and exposure to antibiotics (Cassettari et al., 2009). 

ESBL-producing microorganisms can spread in a hospital environment through 

thermometers, incubators, ventilators and health care personals. The frequency of ESBL-

producing K. pneumoniae infections can be significantly decreased in neonates by 

applying infection control measures (Kim et al., 2013). 

The main reservoir of these organisms is in the lower digestive tract of colonized 

patients. The gastrointestinal carriage can persist for months. The transmission of ESBL-

producing Gram negative rods (GNRs) occur from patient to patient by means of hospital 

personnel hands (Quinn, 1998). ESBL-producing strains are known to survive well in the 
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hospital environment especially beds, benches and equipments. The injudicious use of 

antibiotics and premature birth are the major factors for the dissemination of ESBL-

producing K. pneumoniae in neonates (Rettedal et al., 2013). The antibiotic resistance-

conferring plasmids can be transmitted to the other bacteria present in the hospital 

environment. This transfer can occur between members of the same or different bacterial 

species (Hobson et al., 1996). 

Good infection control practices can control the spread of ESBL-producing 

GNRs, especially by proper hand washing, although this is not adequate to fully control 

their transmission (Emery and Weymouth, 1997). The collective education of hospital 

staff, along with careful evaluation of nursing care practices is extremely important to 

minimize the risks of transmission. The role of antibiotic restriction and manipulation to 

control outbreaks of ESBL-producing organisms is also of great consideration. 

Developed laboratory detection methods, reporting and surveillance of ESBL-producing 

bacterial strains is also required (Gaillot et al., 1998). 

Klebsiella pneumoniae is an encapsulated, Gram negative bacillus which is non-

motile, lactose fermenting and facultative anaerobe found as the normal flora of the skin, 

mouth and intestine (Rayan and Ray, 2004). The Klebsiella genus was named after a 

German bacteriologist, Edwin Klebs (1834-1913). However, it was Carl Friedlander who 

originally discovered K. pneumoniae in 1882, as a pathogen that caused community-

acquired pneumonia (Friedlander, 1882). A Danish scientist, Hans Christian Gram (1853-

1938), established the Gram staining procedure in 1884 to differentiate 

between Streptococcus pneumoniae and K. pneumoniae (Austrain, 1960). 

K. pneumoniae causes a variety of infections in humans. These include 

pneumonia, urinary tract infections, wound infections, liver abscess and septicemia 

(Wen-Chien et al., 2002). Generally, Klebsiella infections mostly occur in people with a 

weakened immune system. K. pneumoniae can cause destructive changes to the 

lungs, which may include inflammation and haemorrhage with necrosis (Postgate, 1998). 

The entry of the bacteria into the blood can result in septic shock (Rashid and Ebringer, 

2006). These bacteria are particularly responsible for severe nosocomial infections 

among premature infants. They can cause early and late onset neonatal sepsis (Gotoff, 

1992). 
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Intervention of patients with invasive devices, for example urinary catheters and 

respiratory support equipment, is a major risk of K. pneumoniae transmission. These 

invasive devices are sometimes colonized with K. pneumoniae. The use of antibiotics can 

also increase the risk of nosocomial infections (Rasheed et al., 1997). 

The incidence of nosocomial K. pneumoniae varies from 3% to 17% of all the 

hospital acquired infections. The proportion of ESBL-production amongst K. pneumoniae 

isolates ranges from 33% in Europe to 12% in the United States, 52% in Latin America 

and 28% in the Western Pacific (Jones et al., 2005).  

K. pneumoniae is inherently resistant to amino and carboxy-penicillins due the 

production of SHV-1 -lactamase enzyme (Girlich et al., 2000). Treatment of K. 

pneumoniae varies according to the nature of infection. The antibiotics used to treat K. 

pneumoniae are co-amoxiclav, aminoglycosides and cephalosporins (Antoniadou et al., 

2007). Cephalosporins are not good choice to treat the ESBL-producing K. pneumoniae. 

The ESBL-producing K. pneumoniae and E. coli are increasing in hospital environment 

and are responsible for multiple drug resistance. They can be treated with some of the 

antibiotics such as amikacin, meropenem, colistin and ertapenem (Denisuik et al., 2013). 

Carbapenems and piperacillin-tazobactam remained the most effective antibiotics used to 

treat ESBL-producing K. pneumoniae infections (Patterson, 2000; Yang et al., 2013). 

Quinolones were thought to be better choice for treating ESBL-producing K. 

pneumoniae; however resistance against quinolones have been reported from many areas 

of the world (Soge et al., 2006). During the last 40 years various trials have been done to 

prove the efficiency of lipopolysaccharide based vaccines (Yadav et al., 2005). There is 

no vaccine commercially available against K. pneumoniae (Prathiba et al., 2006). 

ESBL-producing organisms can emerge when a patient is treated with multiple 

antibiotics over the course of recurrent infections (Rasheed et al., 1997). The 

antimicrobial-resistant plasmids harboured in ESBL-producing strains may spread 

between different strains to facilitate patient transmission during hospital outbreaks 

(Jacoby and Price, 2005). ESBL-producing bacteria can cause serious infections with 

adverse outcomes. A high mortality rate has been seen in infections caused by the 

ESBL producing K. pneumoniae, which may be due to the increased virulence of 

these strains. There is close association of ESBL producing K. pneumoniae and 
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expression of their pathogenicity (Podschun, 1998). ESBL positive K. pneumoniae strains 

display better adherence to epithelial cells of the human body. This happens most likely 

due to the presence of nonfimbrial and/or fimbrial adhesins, encoded by the plasmids 

(Sahly et al., 2008).  

The Clinical and Laboratory Standards Institute (CLSI) recommendations for 

ESBL-producing isolates of K. pneumoniae, E. coli and Proteus mirabilis are to report 

resistant to the penicillin, aztreonam and cephalosporins, irrespective of their 

susceptibility testing results (CLSI, 2007). The revised criteria for the reporting of 

cephalosporins, cefpodoxime, ceftazidime, aztreonam, cefotaxime and ceftriaxone is to 

report the results without modification (CLSI, 2010). The piperacillin-

tazobactam treatment has been described as lesser successful than carbapenem therapy 

(Burgess et al., 2003). Carbapenems as ertapenem, meropenem, imipenem and 

doripenem are the best therapeutic options for the infections caused by ESBL producers 

(Ellen et al., 2008; Kaniga et al., 2010). Isolates of ESBL producing E. coli show 

maximum susceptibility to amikacin (93.7%), meropenem (95.8%) and imipenem 

(91.7%). Isolates of ESBL producing K. pneumoniae also show susceptibility to 

piperacillin-tazobactam and gentamicin (88.9%), ciprofloxacin and levofloxacin (83.3%) 

(Alhussain and Akhtar, 2005). A risk factor for ESBL producing K. pneumoniae 

infections is the exposure of the organisms to β-lactam-β-lactamase inhibitor antibiotic 

combinations during hospitalization (Kenneth et al., 2010). 

Routinely used antibiotic susceptibility tests are not reliable enough to detect β-

lactam resistance which is caused by ESBLs. It is essential to use other ESBL detection 

experiments to avoid the possibility of reporting incorrect susceptibility to aztreonam, 

penicillins and cephalosporins (Spanu, 2006). 

ESBLs can be detected by screening and confirmatory tests. The screening tests 

are performed to detect reduced antimicrobial susceptibility to indicator antibiotics such 

as ceftriaxone, cefotaxime, aztreonam, ceftazidime, cefepime and cefpodoxime (Ellen et 

al., 2008). The majority of K. pneumoniae isolates show resistance to aztreonam and 

ceftazidime while the majority of E. coli isolates are resistant to ceftriaxone and 

cefotaxime (Niumsup et al., 2008).  Screening tests are not specific for ESBL detection 

as the bacteria may use mechanisms other than ESBLs, which may also produce screen 
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positive results. Thus, positive screening should be monitored by confirmatory tests 

(Moubareck et al., 2005). ESBL screening tests of E. coli and K. pneumoniae show three 

times more often positive results for AmpC that yields negative result for CLSI ESBL 

confirmatory test (Munier et al., 2010). The double disk synergy test (DDST) uses a disk 

that contains clavulanate in the form of amoxicillin-clavulanate. The disk is placed on the 

Mueller Hinton agar, inoculated with the test organism. It is placed at a distance of 30 

mm or less from the disks that contain indicator antibiotics. The most favourable disk 

distance may vary for different strain. The activity of the indicator antibiotic is enhanced 

in the presence of clavulanate which is seen as a keyhole effect. This lens of inhibition is 

suggestive of ESBL production of the isolate. The CLSI ESBL confirmatory 

experiments involve testing ceftazidime alone and also in combination with clavulanate. 

The CLSI confirmatory disk assessments are not same as “double disk test.” The CLSI 

ESBL disk test comprises qualitative and quantitative interpretations, while the double 

disk assessment is only a qualitative analysis. The CLSI test is positive if the zone of 

inhibition formed by any of the cephalosporin in combination of clavulanate enhances ≥ 

5 mm (CLSI, 2010). 

The DDST is an easy and inexpensive method for the recognition of clavulanate 

synergy with various substrates. The spacing distance kept between disks, affects the 

detection of inhibition (Stale et al., 2007). The conventional protocol of DDST is 

performed by placing the disks containing aztreonam and extended spectrum 

cephalosporins at distance of 30 mm from a disk of amoxicillin-clavulanate. Modification 

of the DDST is to apply the same disks at 20 mm and the use of cefpirome and cefepime. 

By using the modified method, the sensitivity of the test increases and the number of 

isolates showing positive DDST increase significantly (Tzelepi et al., 2000). 

The emergence of antibiotic resistance in bacterial species has been well 

recognized as a serious issue worldwide (Cohen, 2000). The occurrence of antibiotic 

resistance against extended spectrum cephalosporins amongst Gram negative bacteria has 

become a major issue. Initially, this resistance was shown in limited number of bacteria, 

however it is now increasing very quickly. The antibiotic resistance mechanism has been 

reported worldwide and can cause nosocomial outbreaks. The increased prevalence of 
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ESBL producing strains has a considerable impact on cost of treatment, patient’s 

morbidity and mortality (Philippon et al., 2002).  
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OBJECTIVES 

The specific objectives of this study are: 

 

1. To assess the percentage of Klebsiella pneumoniae from various specimens among 

children. 

2. To assess the percentage of ESBL producing K. pneumoniae by screening method. 

3. To compare the DDST with CLSI confirmatory ESBL phenotypic tests. 

4. To find out the effect of different parameters like age, gender, presenting complaint, 

intervention during hospitalization, length of hospital stay and previous history of 

antibiotic use, to control and prevent ESBL producing K. pneumoniae infection. 

5. To establish the antimicrobial resistance pattern of ESBL producing K. pneumoniae. 

6. To detect the encoding genes responsible for ESBL production. 

7. To find out the molecular characterization of TEM and SHV genes in ESBL 

producing strains of K. pneumoniae. 
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LITERATURE REVIEW 
The antibiotic resistance exhibited by bacteria of the Enterobacteriaceae family and other 

Gram negative bacilli represents a serious threat to successful treatment worldwide. 

Production of the β-lactamase enzyme in Gram negative bacteria is an important 

resistance mechanism. β-lactamase confers resistance to β-lactam drugs by the hydrolysis 

of β-lactam ring in these drugs. Clinically, the most significant β-lactamase is known as 

extended-spectrum β-lactamase (ESBL), which is plasmid mediated (Shah et al., 2003). 

The plasmid transferable β-lactamase was first time showed in the 1960s and 

named TEM-1 after the name of a Greek girl Temoniera, who carried E. coli from which 

the TEM-1 enzyme was discovered. A large number of plasmid-transferable enzymes 

have been discovered since the 1980s. The ESBLs related problem was also began in 

Western Europe in early 1980s (Bradford, 2001). In K. pneumoniae, ESBL was first 

described in 1983 in Germany (Knothe et al., 1983). ESBLs have been reported in 

various members of the Enterobacteriaceae from different areas of the world and most 

frequently identified in K. pneumoniae and E. coli (Ambler et al., 1991). 

ESBLs are the heterogeneous group of enzymes which inactivate third generation 

cephalosporins (e.g. cefotaxime, ceftazidime, ceftriaxone etc.) and monobactams such as 

aztreonam. However, they have no effect on cephamycins (cefoxitin or cefotetan) and 

carbapenems like imipenem or meropenem (Gold and Moellerin, 1996). ESBLs can also 

inactivate unrelated groups of antibiotics such as fluoroquinolones, chloramphenicol, 

tetracycline, co-trimoxazole and aminoglycosides (Jacoby and Medeiros, 1991). 

The first nosocomial outbreak produced by ESBL K. pneumoniae was discovered 

in 1985 in France (Kitzis et al., 1988) and since that time ESBL K. pneumoniae have 

become prevalent worldwide. A correlation has been documented with extensive usage of 

newer β-lactam drugs (Meyer et al., 1993). The frequency of nosocomial ESBL-

producing K. pneumoniae was 13% in a survey carried out between 1988-1990 in France 

(Sirrot et al., 1992) and the incidence of ESBL K. pneumoniae reported in the United 

States was 5%, as reported by the National Nosocomial Infection Study System (Jacoby, 

1996). 
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The increasing frequency of ESBL-producing strains has created a great demand 

for new laboratory methods to precisely report these enzymes in clinical isolates. The 

first test used for the detection of ESBL bacteria was the DDST (Jarlier et al., 1988). It 

was followed by another method for ESBL detection, known as the three-dimensional 

test (Thomson et al., 1999). Presently, National Committee for Clinical Laboratory 

Standards (NCCLS) recommends an initial screening using a broth medium comprising 

one of the ESBL antibiotics; ceftazidime, cefotaxime cefpodoxime or ceftriaxone. A 

positive result was considered as a suspected case for the ESBL production followed by a 

confirmatory test (NCCLS, 2000).  

ESBLs have been characterized and classified many times over the past fifteen 

years. To date, several classes of ESBLs have been reported, however the SHV and TEM 

families predominate. Richmond and Sykes (1973) gave a classification scheme on the 

basis of substrate profile and position of β-lactamase encoding genes. However, this 

classification was established before the ESBLs identified and was unable to differentiate 

between SHV, TEM and their derivatives. Recently, another classification scheme was 

developed that was based on the biochemical properties of the β-lactamases, in addition 

to the molecular structure and nucleotide sequences. ESBLs are currently defined as β-

lactamases which have the ability of hydrolyzing oxyimino-cephalosporins and are 

inhibited by clavulanate (Bush et al., 1995). 

Previous data have showed that risk factors associated with infections caused by 

ESBL-producing organisms include the insertion of a urinary or central venous catheter, 

recent surgery, stay in an intensive care unit, prolonged stay in hospital and exposure to 

extended spectrum -lactam drugs (Quinn, 1994).  

Jacoby and Sutton (1991) described qualities of the plasmids responsible for the 

production of ESBLs. Fifteen plasmids, each encoding an ESBL gene, were isolated from 

Gram negative ESBL-producing bacteria and examined in detail. All plasmids were 

large, ranging in size from 80 to 300 kb. All had resistance to multiple antimicrobial 

agents while some also conferred resistance to heavy metals and UV radiation. Several 

techniques were used to detect transposition of the ESBL genes, however a mobile 

genetic element could not be detected.  
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Palzkill and Botstein (1992) identified the amino acid substitutions that changed 

the action of TEM-1 β-lactamases towards extended-spectrum cephalosporins. The 

regions surrounding the active-site of the enzyme were probed by random-replacement 

mutagenesis. The DNA sequence of three to six codons in bla gene of TEM-1 β-

lactamase was randomized to form a library containing almost all possible substitutions 

for that region. Twenty different randomized residue positions were screened in total for 

amino acid substitutions that increased enzymatic action towards the cefotaxime. It was 

found that substitutions at positions 104, 168, and 238 resulted in higher enzymatic action 

to extended spectrum cephalosporins. In addition, it was found that TEM-1 β-lactamase 

was tolerant to amino acid substitution and on average 44% of the mutants retained the β-

lactamase activity.  

Thomson and Sanders (1992) compared three-dimensional and double-disk tests 

using clavulanate for the identification of ESBL production in 32 K. pneumoniae and E. 

coli strains. The three-dimensional assessment was performed in combination with 

routine disk diffusion assessment that detected ESBL production in 26 (93%) strains out 

of 28. The clavulanate double-disk test detected ESBLs only in 22 (79%) strains out of 

28. The three-dimensional test, in combination with the disk diffusion test, had the 

benefits of reporting both the ESBL production and antibiotic sensitivity.    

Bingen et al. (1993) studied the molecular epidemiology of plasmid transmission 

amongst ESBL-producing K. pneumoniae in a paediatric hospital of Paris, France. The 

molecular approach included the determination of the β-lactamase physiochemical 

parameters, plasmid profiles and analysis of the RFLPs of rDNA regions. Fifteen 

different ribotypes were identified among fourty three K. pneumoniae isolates. Sixty 

percent of the isolates from 6 wards belonged to only 2 ribotypes, while 9 ribotypes were 

observed only on one occasion. Twelve isolates from various wards belonged to the 8 

ribotypes showed 4 different β-lactamase patterns on isoelectric focusing and 7 different 

plasmid profiles. The same plasmid content was detected in two genetically unrelated 

isolates from the same ward. These results displayed the complication of the outbreak, 

associated with patient to patient transfer of various epidemic bacteria with different 

plasmid contents and interspersed sporadic cases with non-epidemic strains. 
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Meyer et al. (1993) conducted a clinical study on epidemiological and 

microbiological features of ceftazidime (CAZ) resistant K. pneumoniae at a North 

American hospital. A total number of 432 clinical isolates from blood, urine, sputum and 

CSF were collected. One hundred and fifty five (35%) patients were found to be infected 

with CAZ-resistant K. pneumoniae. These resistant isolates of bacteria were isolated in 

high number from patients who had pulmonary infections (32%). Bacteraemic infections 

were found in 26% of the patients while remaining had other infections. These CAZ-

resistant K. pneumoniae were reported as ESBL producers based on the disk diffusion 

method. Ceftriaxone and cephamycins had inhibitory effect on K. pneumoniae while 

imipenem showed consistent bactericidal activity. 

Katsanis et al. (1994) carried out research on ESBL-producing isolates of E. coli 

and K. pneumoniae at an infectious disease unit at Massachuetts General Hospital in 

Boston, United States. The authors introduced the plasmid carrying the ESBL encoding 

gene into E. coli and K. pneumoniae strains that were inherently sensitive to -lactams 

and other antibiotics. The ESBL enzyme was detected by using Micro-scan, E-strip and 

Vitek system. The subtypes of TEM and SHV enzymes were identified and the 

antimicrobial susceptibility was also determined. It was concluded that the transfer of 

plasmids (carrying ESBLs) made normally susceptible bacteria resistant to many β-

lactam antibiotics. They also recommended the use of ceftazidime as a presumptive tool 

to screen ESBL-producing isolates. 

Urban et al. (1994) found that epidemic nosocomial infections of K. pneumoniae 

resistant to ceftazidime are correlated with the ceftazidime hydrolyzing enzyme. They 

used Kirby-bauer disk diffusion technique to collect 436 ceftazidime resistant K. 

pneumoniae strains. The extraction of the plasmid DNA was done by rapid alkaline lysis 

technique and the β-lactamase enzyme was purified. By performing a Southern blot, this 

sequence was probed with an oligonucleotide specific to the TEM-type enzyme. The 

identified that the gene was identical to TEM-type ESBL. The isolates of K. pneumoniae 

were found to be resistant to ceftazidime (100%), cefotaxime (90%), gentamicin and 

trimethoprim-sulfamethoxazole (60% each). 

Livermore (1995) reviewed the routine β-lactamase detection tests, which 

reflected the β-lactamase mediated resistance by the use of different antibiotics. He also 
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described various antibiograms, which can presumptively identify different types of β-

lactamases. Few β-lactamases use zinc ions activity to destroy the β-lactam ring of 

antibiotics, while other β-lactamases work via the serine ester mechanism. β-lactamases 

were classified by their susceptibility to various inhibitors or by their gene encoding 

location on the plasmid or chromosome. Antimicrobial susceptibility tests can detect the 

β-lactam activities in the majority of bacteria but this was not clear whether the 

antibiotics detected the true β-lactamase activity. The ESBL enzymes play a significant 

role in the protection of bacteria during peptidoglycan synthesis from β-lactam producing 

fungi and bacteria. Some species produce chromosomal β-lactamases, while others 

produce plasmid mediated -lactamases. There were some β-lactamases that can be 

harboured by both plasmids and the chromosome (e.g. K. pneumoniae SHV-1). Plasmid 

mediated β-lactamases were different from chromosomal β-lactamases. The -lactamase 

genes carried on some plasmids were associated with transposons, which facilitates gene 

movement from one plasmid (or bacterium) to another. The activity of β-lactamases 

depends upon kinetics, location, quantity and other physiochemical characteristics. Many 

methods have been developed to identify β-lactamase activity in bacteria. These include 

either chromogenic or biological methods. In the chromogenic method, the activity of 

different compounds and the hydrolysis of antibiotics causes a colour change to detect the 

β-lactamase. Biological methods were important in the detection of ESBL enzymes, and 

the most useful one was DDST, in which a synergistic effect of clavulanate and 

ceftazidime was used to detect various β-lactamases like ESBLs. 

Bush et al. (1995) reviewed the β-lactamase classification scheme. The 

classification depends upon the substrate profile of β-lactamases and different antibiotics 

are hydrolysed by various β-lactamases. The additional antibiotic resistance varies 

according to each type of β-lactamase. If a bacterium from family Enterobacteriaceae is 

resistant to extended-spectrum cephalosporins but sensitive to combinations of β-

lactamase inhibitors, it means the bacterium is likely expressing an ESBL. Therefore, 

cefotaxime, ceftazidime and aztreonam must be included as discriminating antibiotics. 

Similarly, if a class D (penicillinase) β-lactamase is identified, the discriminatory 

antibiotic should be oxacillin and cloxacillin. Moreover, the other antibiotic should be 

added to describe the complete characteristics of β-lactamase enzyme. ESBLs represent 
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the largest group of novel enzymes. A mutant type of TEM β-lactamases called inhibitor-

resistant TEM (IRT) β-lactamase have been described which showed reduce 

susceptibility to various β-lactamase inhibitors.        

Jacoby and Han (1996) described the detection of ESBLs in K. pneumoniae. A 

total number of 169 K. pneumoniae strains were collected from 29 hospitals in the United 

States. The isolates were detected for ESBL production by the simple disk diffusion 

method. Disks of aztreonam (30 µg), cefotaxime (10 µg) or ceftazidime (30 µg) with and 

without sulbactam (20 µg) were used. An enhanced zone of inhibition (≥ 5mm), in 

combination with sulbactam, was interpreted as an ESBL positive. There were 124 

ESBL-producing K. pneumoniae isolates detected using phenotypic tests. The 37 ESBL 

negative K. pneumoniae isolates were checked by conjugation for the transfer of plasmids 

to E. coli J53. By using this method a further 17 ESBL-producing K. pneumoniae strains 

were detected. These transconjugates were further characterized by isoelectric focusing 

and it was found that the SHV type dominated TEM type. It was inferred from this study 

that the simple disk diffusion cannot precisely detect the prevalence of ESBL-producing 

strains.  

Soilleux et al. (1996) carried out a survey on ESBL-producing K. pneumoniae 

during July 1990 to March 1993 in France. The study was aimed to assess the significant 

number of ESBL-positive K. pneumoniae strains among clinical isolates and also to 

detect different ESBL types. API 20 E was used to identify the K. pneumoniae isolates 

and ESBL detection was performed by the DDST. These ESBL-producing K. 

pneumoniae were isolated in large numbers from intensive care units (n=34) and an 

internal medicine department (n=15). Plasmids were analysed by isoelectric focusing and 

molecular characterization of ESBL genes was completed by RFLP. TEM-3 type ESBL 

(93%) was isolated most frequently, while the SHV type had a low frequency of 7%. 

Livermore and Yuan (1996) investigated ESBL-producing K. pneumoniae, K. 

oxytoca and K. ozaenae isolated from intensive care units in Germany, Italy, France, 

Holland, Portugal, Spain, Belgium, Turkey, Greece and UK. From a total number of 966 

Klebsiella species, 220 were ESBL-positive using DDST. ESBL producers were resistant 

to aztreonam (80.9%), ceftazidime (77.3%), cefuroxime (75.5%), ceftriaxone (46.7%) 

and cefotaxime (36.0%). All ESBL-producing Klebsiella species were sensitive to 
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carbapenems and resistance to piperacillin-tazobactam was 70%. The hospital’s data 

showed that 33% of ESBL-producing Klebsiella species were sensitive to cephalosporins, 

which were associated with therapy failure.   

Vercauteren et al. (1997) compared the screening procedures for the detection of 

ESBLs in reference strains. They also determined the prevalence of ESBL-producing E. 

coli and Klebsiella in blood samples at a Belgian teaching hospital. Three methods-

DDST, 3-dimensional test and ESBL E-test strips were compared for detecting ESBLs in 

33 reference strains. From 33 strains, 31 strains were recognized by DDST, 30 by 3-

dimensional test and 26 by E-test strips. The DDST and 3-dimensional methods gave 

false positive results, however false positive results were not determined by E-test strips. 

The E-test yielded the confirmed positive ESBL detection results. 

Gniadkowski et al. (1998) performed an epidemiological study of monitoring 

infections produced by ESBL-producing microorganisms in a 300-bed paediatric hospital 

in Warsaw, Poland. Over the three month study, 8 ceftazidime-resistant K. pneumoniae 

were identified and six of these were TEM-47 ESBL producers. A close affiliation was 

found among all these isolates by random amplification of polymorphic (RAPD) DNA 

typing. It was suggested that this clonal outbreak occurred due to the imported isolate 

from Lodz to Warsaw. The horizontal transfer of plasmid containing blaSHV gene 

between unrelated isolates yielded two SHV-5 like ESBL-producers. This study 

explained the complexity of clonal spread of ESBL-producing strains in large Polish 

hospitals. 

 Liu et al. (1998) carried out a molecular epidemiological study of ESBL-

producing K. pneumoniae in Taiwan. One hundred and four isolates were collected over a 

period of eight months; out of which 31 bacteria were confirmed as ESBL producing K. 

pneumoniae. Preliminary identification of the ESBLs was performed by isoelectric 

focusing and iodine overlay agar method and further identification was performed by 

sequencing of the DNA. Amongst them, 71% of the bacteria harboured SHV-5. Sixteen 

different genotypes were identified on the basis of PFGE. The analysis of the PFGE 

patterns by the algorithmic clustering technique discovered five clusters. Eleven of the 

isolates showed genetic variations and all of the clinical isolates of K. pneumoniae had a 
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36 kb plasmid. These results suggested that the incidence of very high number of K. 

pneumoniae was due to the presence of resistant plasmids in the hospital environment.  

Pena et al. (1998) performed a study to find out the epidemiology and risk factors 

related with a large outbreak of ESBL-producing K. pneumoniae from May 1993 to June 

1995. Five hundred and fifty K. pneumoniae were isolated in the study from 444 admitted 

patients. There were 202 (35%) K. pneumoniae found to harbour ESBL enzyme. 

There was a significant difference in source of ESBL-producing K. pneumoniae isolated 

from ICUs and non-ICU patients. The isolates of ICU were most commonly isolated from 

blood and respiratory tract samples, whereas the non-ICU bacteria were most commonly 

isolated from urine and surgical wound specimens. The non-ICU wards exhibited 67% 

ESBL K. pneumoniae from the urine specimens of catheterized patients. ESBL-positive 

K. pneumoniae infections were associated with factors such as disease severity, surgical 

procedures, age, prior antibiotic treatment and invasive devices. Previous presence of 

ESBL-producing K. pneumoniae in the digestive tract was identified as the independent 

variable associated with infection. 

Gaillot et al. (1998) performed epidemiological investigations of an outbreak in a 

department of obstetrics and gynaecology in Boucicaut Hospital, France. A total number 

of eight patients infected with K. pneumoniae resistant to ceftazidime in the maternity 

and the gynaecology wards were studied. These resistant isolates were responsible for 

UTIs and neonatal infections with fever and respiratory distress. None of the patients 

infected with the K. pneumoniae had history of hospital stay. Two female patients were 

pregnant when admitted to hospital for delivery and their two neonates were infected 

moderately after they were born, suggesting vertical transmission. All K. pneumoniae 

isolates showed antibiotic resistance to gentamicin, tobramycin, sulfonamides, 

trimethoprim and tetracycline, but susceptibility to imipenem and quinolones. 

Poyart et al. (1998) described a novel TEM type ESBL (TEM-52) in K. 

pneumoniae that can hydrolyze moxalactam. K. pneumoniae (NEM865) bacterial strain 

was isolated from stool sample of a patient who was already treated ceftazidime. The 

strain was analysed by the disk diffusion technique and showed synergies of ceftazidime 

and cefotaxime with amoxicillin-clavulanate and more surprisingly with amoxicillin-

clavulanate and moxalactam. Clavulanate decreased the minimum inhibitory 
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concentrations of moxalactam, cefotaxime and ceftazidime suggesting that NEM865 

produced a novel ESBL. This resistant phenotype was analysed by genetic techniques, 

isoelectric focusing, PCR and Southern blotting. Analysis of sequences showed that blaT 

gene of pNEC865 was different from blaTEM-1 by 3 amino acid substitutions. The 

association of these three mutations was not previously reported. Hence, the pNEC865 

carrying blaT was named blaTEM-52. Enzyme characteristics of TEM-52 resembled to 

TEM-3 except that the affinity of TEM-52 to moxalactam was tenfold higher than that of 

TEM-3. It was concluded that the combination of three amino acid variations was the 

reason for increase in the minimum inhibitory concentrations of moxalactam for the 

TEM-52 producing isolates.  

Tenover et al. (1999) carried out a survey of laboratories in Connecticut to 

evaluate the antibacterial sensitivity techniques to detect ESBLs. They sent 3 ESBL, 1 

AmpC carrying and 1 control strain which was sensitive to cephalosporins to evaluate 

from thirty eight laboratories of Connecticut. Different laboratories used different 

combinations of antibiotics to detect resistance types. Ceftazidime plus ceftriaxone was 

the most common drug combination tested by 9 (24%) laboratories. Ten (27%) 

laboratories only tested extended spectrum cephalosporin in detection. Eight (21.0%) 

laboratories failed to test any extended spectrum cephalosporin in the detection of the 

AmpC or ESBL carrying bacteria. Errors occurred with both in case of automated and 

disk diffusion techniques. On the other hand, 7 (18.4%) labs characterized 4 resistant 

bacteria as potentially ESBL producing strains and testified results as recommended by 

NCCLS. The frequency of the laboratories which could not report AmpC or ESBL 

bacteria was 23.7% to 31.6%. The study showed that majority of the laboratories had 

trouble in identifying AmpC and ESBL producing bacteria. They may not had knowledge 

of the NCCLS recommendations for modified sensitivity methods for the reporting for 

ESBL-producing bacteria.   

 Siu et al. (1999) described molecular and clinical features of ESBL harbouring E. 

coli and K. pneumoniae strains that caused bacteremia. Blood specimens were collected 

from patients who had bacteremia with previous history of harbouring Gram-

negative bacteria resistant to aztreonam or cefotaxime. Twelve bacteria were ESBL 

harbouring K. pneumoniae and four bacteria were ESBL harbouring E. coli. Four K. 
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pneumoniae bacteria were found to be SHV-2 ESBL producers by molecular studies. 

Among other ESBL producing bacteria, 6 had SHV-5 and TEM-1, 5 had SHV-5 and 1 

had SHV-2. Eleven of the 16 bacteria harboured SHV-5 which was present with TEM-1 

in six bacteria. The resistant genes were acquired probably because of selection pressure 

of antibiotics. The study highlighted the significance of regular detection of ESBL 

producing bacteria. 

Tzelepi et al. (2000) detected the frequency of ESBLs in bacterial isolates of 

Enterobacter species. The performances of phenotypic screening methods were also 

checked for E. cloacae and E. aerogenes. Fifty-six E. cloacae isolates and 12 E. aerogens 

isolates were analyzed for ESBL production. Thirty-one (45.6%) out of a total 68 isolates 

were confirmed as ESBL producers. Of these, 20 (64.5%) were E. cloacae and 11 

(35.5%) were E. aerogenes. Resistance to antibiotics such as ceftazidime, cefotaxime, 

aztreonam and ceftriaxone was found in 14% of the Enterobacter species. Enterobacter 

species showed 65% resistance to the β-lactams, including ampicillin, amoxicillin, 

ticarcillin and piperacillin. DDST was found to be the most efficient method that yielded 

true positive result in 90.3% isolates.  

Hadziyannis et al. (2000) determined the screening and confirmatory methods for 

the detection of ESBL by K. pneumoniae, K. oxytoca and E. coli. Strains showing 

resistant or intermediate results to aztreonam or cephalosporins were considered as 

probable ESBL producing bacteria. A total of 61 isolates from 42 patients were screened 

positive by a NCCLS proposed method. Resistance to ceftazidime contributed to report 

97% of screening positive bacteria, while aztreonam added an additional positive isolate 

for ESBL. ESBL was identified in 86% K. pneumoniae, 100% K. oxytoca, and 20% of E. 

coli isolates. ESBL production was not reported in any of the ceftazidime susceptible 

bacteria. The screening of ESBL seemed to be sufficient in Klebsiella species, but 

confirmatory tests were directed for E. coli. The agreement between the type of ESBL 

detected and the ESBL confirmatory result was 85%. The recommended NCCLS 

phenotypic confirmatory technique to detect ESBLs was found to be valuable and precise 

for the laboratory reporting of ESBLs.  

Rasheed et al. (2000) demonstrated that K. pneumoniae K6 which is an ATCC, 

700603 was resistant to oxyimino-cephalosporins, and also produced the novel ESBL 
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enzyme SHV-18. K. pneumoniae K6 strain was recommended to use as quality control 

for the identification of ESBL due to a constant decrease in the minimum inhibitory 

concentrations of oxyimino-cephalosporins at least three two-fold dilutions in 

the presence of clavulanate. The crude examination of K6 strain lysates by isoelectric 

focusing demonstrated the presence of a single β-lactamase and a substrate profile 

showed better hydrolysis of cefotaxime in comparison to ceftazidime. Total bacterial 

DNA of the K6 isolate was analysed by PCR, which identified the presence of a blaSHV 

gene. DNA sequencing showed the amino acid substitutions resulted in SHV-18.  

Lautenbach et al. (2001) conducted a study from June 1997 to September 1998 to 

investigate the epidemiological features of fluoroquinolone resistance in various 

infections produced by ESBL E. coli and K. pneumoniae. They noted that the prevalence 

of infections due to ESBL bacteria has increased remarkably. The fluoroquinolones were 

believed to be an effective therapy for these multidrug resistant bacteria, but excess usage 

made the ESBL harbouring E. coli and Klebsiella resistant to it. Among the 122 

organisms isolated in this case control study, there were 77 ESBL harbouring Klebsiella 

and E. coli isolates that were isolated from various specimens like urine (61%), wound 

(10.4%), central venous catheter (10.4%), respiratory (9.1%) and blood (7.8%). Among 

these 77 ESBL isolates, 43 (55.8%) were found to be fluoroquinolone resistant. These 43 

isolates were susceptible to co-trimoxazole (19.6%), gentamicin (27.0%), amikacin 

(43.5%) and levofloxacin (43.8%). Imipenem was the only antibiotic that had a 100% 

bactericidal effect. It was concluded by the multivariate analysis that prior use of 

fluoroquinolone and prolonged stay at a long term care facility could be a reason for this 

resistance. ESBL-producing organisms were associated with various interventions like 

venous catheter (44.2%), foley’s catheter (44.2%) and mechanical ventilation (21.0%). 

 Steward et al. (2001) evaluated the confirmation protocol for the detection of 

ESBLs in E. coli, K. pneumoniae, and K. oxytoca. One hundred and thirty nine K. 

pneumoniae collected from nineteen hospitals were tested and referred to ICARE USA. 

The NCCLS selection criteria for ESBLs was applied to each organism. Primarily, 

117 (84%) organisms confirmed a clavulanate mediated effect by disk diffusion and 114 

(82%) confirmed a clavulanate effect by broth microdilution. In the beginning, broth 

microdilution method could not detect clavulanate effect in 5 of the organisms. However, 
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clavulanate effect was detected in 2 of these organisms by testing with or without 

cefepime. By isoelectric focusing (IEF), it was showed that seven of the 23 

isolates contained a β-lactamase, indicative of AmpC β-lactamase; six of the seven 

organisms contained AmpC and blaOXA genes together. It was inferred that 83.5% K. 

pneumoniae organisms recognized firstly as probable ESBL harbouring were positive for 

clavulanate effect, whereas 5.0% organisms had β-lactamases that possibly concealed the 

effect of clavulanate. The left behind 11.5% of the organisms had β-lactamases that did 

not reveal a clavulanate effect. 

Hall et al. (2002) evaluated the efficacy of various automated detection systems 

for multidrug resistant Klebsiella species and E. coli. They included BD Phoenix, ESBL 

E-test, Vitek 1 and Vitek 2. The study was conducted on 74 isolates of multidrug resistant 

Klebsiella species and E. coli at University Medical Center, Utrecht, Netherlands. The 

ESBL E-test was 94% accurate in detection. Amongst automated analysers, BD Phoenix 

showed the maximum accuracy of 89%, while the accuracy of Vitek 1 and Vitek 2 was 

83% and 78% respectively. There were no significant differences among the 

performances of automated systems. Overall, the specificity and sensitivity of tests with 

regard to control strains was 87% and 92% respectively. It was concluded, however, that 

the BD Phoenix system generated slightly better results than the other automated 

systems. 

Kim et al. (2002) evaluated the epidemiology and outcomes of bacteremia due to 

ESBL producing K. pneumoniae and E. coli. The frequency of ESBLs was 52.9% in K. 

pneumoniae and 17.9% in E. coli isolates. The risk factors associated with ESBL-positive 

bacterial infections included hospitalization, care in ICU, central venous catheter, use of 

ventilator, and progression of bacteremia during antibiotic therapy. The overall fatality 

rate for patients infected by ESBL positive isolates was considerably greater than the 

ESBL negative isolates. The patients who harboured ESBL negative K. pneumoniae 

showed a better response to cephalosporins in combination with or without 

aminoglycoside. It was concluded that the ESBL production of bacteria had an important 

influence on the clinical outcome of paediatric patients with bacteremia produced by K. 

pneumoniae and E. coli. 
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Perilli et al. (2002) studied the dissemination of SHV and TEM enzymes in four 

hundred and fourty eight ESBL harbouring strains of Enterobacteriaceae isolated from 

ten different hospitals in Italy. PCR-amplified genes were sequenced to identify the TEM 

and SHV types. The common variants found in most hospitals were TEM-52 and SHV-

12. The less common variants of SHV were SHV-2a, SHV-5 and SHV-11. Amongst the 

TEM enzymes, TEM-5, TEM-12, TEM-15, TEM-19, TEM-20, TEM-24, TEM-26, TEM-

43, TEM-60, TEM-72, TEM-87 were less frequent. Majority of the K. pneumoniae 

produced SHV type ESBLs, whereas Proteus mirabilis extensively harboured TEM type 

ESBLs.  

Paterson et al. (2003) assessed the prevalence of ESBL production and its types in 

K. pneumoniae isolates among 455 blood culture samples collected from twelve hospitals 

from 7 countries. The organisms produced several β-lactamases with indication of ESBL 

production. SHV-type were most common ESBLs, detected in 67.1% bacteria. In 

comparison, TEM ESBLs (TEM-10, 12, 26 and 63 types) were found in 16.4% of 

organisms. TEM-10 and TEM-12 were the first ESBLS detected in South America. CTX-

M ESBLs were detected in 23.3% of organisms and were present in all countries included 

in the study other than United States. The CTX-M ESBLs were also detected in Belgium, 

Australia, South Africa and Turkey, where they were previously not reported.  

Coudron et al. (2003) determined the occurrence of ESBL and AmpC β-

lactamase production in 190 K. pneumoniae detected from blood of 189 patients in 30 US 

hospitals in 23 states. Depending upon growth inhibition by clavulanate and minimum 

inhibitory concentration techniques, eighteen (9.5%) of the organisms were found to be 

ESBL producers. Twenty-eight cefoxitin resistant isolates were also found, but only five 

(18%) of them established as AmpC carrying bacteria. Three of 5 AmpC carrying 

harboured blaFOX-5 gene, whereas other 2 bacteria carried blaACT-1 gene and these genes 

were transferable. In vitro sensitivity analysis with standard inoculum showed that all 5 

AmpC producing isolates were sensitive to imipenem, cefepime and ertapenem. The 

majority of the isolates were more sensitive to the carbapenems compared to cefepime. 

Non-AmpC producers and non-ESBL producers were sensitive to cefepime and 

ceftriaxone. It was concluded that a high proportion of K. pneumoniae blood 
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stream isolates possess ESBL or AmpC β-lactamases and carbapenems were effective for 

AmpC producing K. pneumoniae in vitro.  

Shah et al. (2003) determined the frequency of ESBLs in E. coli, K. pneumoniae 

and E. cloacae isolated from indoor and outdoor patients. The bacterial isolates from pus, 

urine, blood, sputum and pleural fluid were identified for ESBL production using DDST. 

Prevalence of ESBL was found to be 38% from inpatients and 6% in outpatients. The 

highest frequency was found in K. pneumoniae (70%) followed by E. cloacae (33%) and 

E. coli (29%) for inpatients, whereas for outpatients, E. cloacae was the most prevalent 

ESBL producer (8%). 

Ali et al. (2004) conducted a study to find the incidence of ESBL producing Gram 

negative rods in bacteria isolated from clinical samples received at Military Hospital, 

Rawalpindi. A total of 812 consecutive Gram negative bacilli were isolated from 

different clinical specimens. ESBLs were detected by the Kirby Bauer disc diffusion 

method. It was found that the frequency of ESBLs in Gram negative bacilli was 45%.  

Pitout et al. (2004) developed molecular tests for the detection of CTX-M-β-

lactamase genes to determine the frequency of the enzymes in Klebsiella species and E. 

coli. The study was conducted in 2002-2004 at Calgary Health Region of Canada. 

NCCLS guidelines were also assessed for the capability to determine bacteria with CTX-

M ESBLs. PCR was performed to detect various groups of CTX-M β-lactamases in 

control organisms. Further ESBL producing clinical isolates were studied for the 

presence of CTX-M enzymes and 24 (14%) were found positive for blaCTX-M-1 genes. 

Further analysis showed that 95 (54%) bacteria were positive for blaCTX-M-14 and none of 

blaCTX-M gene detected in 56 (32%) organisms. All of the clinical and control isolates 

were identified as ESBLs using NCCLS guidelines. 

Jeong et al. (2004) studied the prevalence of ESBLs among E. coli and K. 

pneumoniae isolated from 13 university hospitals in Korea. Amongst the 509 isolates, 

39.2% were ESBL producers, as detected by DDST. The prevalence rate of ESBL was 

9.2% in E. coli while the prevalence rate in K. pneumoniae was 30%. The prevalence of 

both SHV and TEM type ESBLs was 44.6%. PCR amplification and sequencing of 

blaSHV and blaTEM showed a sequence of 286 amino acids for SHV and TEM ESBLs. 
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Paterson et al. (2004) carried out an international prospective study on 

implications of ESBL producing Gram negative organisms (particularly K. pneumoniae) 

in nosocomial infections. This study was conducted in twelve hospitals of Taiwan, 

Australia, United States, South Africa, Turkey, Argentina and Belgium. The molecular 

characterization of ESBL producing K. pneumoniae was determined by PFGE. In 

general, 78 out of 253 (30.8%) cases of hospital acquired bacteremia and 30 out of 69 

(43.5%) cases picked up from ICUs were because of ESBL producing bacteria. Earlier 

management of bacteremic patients with oxyimino-β-lactam antibiotics was found to be 

related to ESBL harbouring bacteria. ESBL production was also observed in other strains 

such as E. coli and Enterobacter species. The same genotypic sequence was found among 

different ESBL producing Gram negative organisms in seven out of ten hospitals, which 

indicated the spread of organism from patient to patient. Therefore, it was established that 

proper infection control and antibiotic policies should be executed to control the transfer 

of such resistance. 

Rodrigues et al. (2004) detected β-lactamase production in nosocomial isolates by 

rearranging the routine discs. The organisms were isolated from various clinical 

specimens of blood, stool, urine, sputum pus and other body fluids. ESBLs and AmpC β-

lactamases were recognized as inducible and depressed mutants. The inducible had 

blunting zone towards inducer, no increase in zone size after adding inhibitor and was 

susceptible to cefepime. The depressed mutants were resistant to cefoxitin and 

cefotaxime and there was also no increase in zone size after adding inhibitor. A total of 

286 organisms were examined out of which 151 (53%) were ESBL producers. Amongst 

the ESBL producers 131 (46%) were depressed mutants while 20 (7%) were plain ESBL 

producers. Inducible AmpC β-lactamase was identified in 19 (7%) isolates. Most 

common ESBL producers were K. pneumoniae and E. coli and both the bacteria were 

susceptible to imipenem. 

Nijssen et al. (2004) evaluated the susceptibility of 15 β-lactam antibiotics and the 

prevalence of ESBLs in 5000 Enterobacteriaceae isolates. The susceptibility against 

most active penicillin and piperacillin/tazobactam was found to be 94.9% with K. 

pneumoniae, 98.3% with E. coli, 87.4% with Proteus mirabilis and 82.9% with K. 

oxytoca. K. pneumoniae (98.6%) as well as K. oxytoca (95.6%) were most sensitive to 



27 
LITERATURE REVIEW 

 
 

cefoxitin. Cefepime had good antimicrobial susceptibility activity against E. coli (99.2%), 

Proteus mirabilis (96.3%) and Enterobacter cloacae (95.2%). The carbapenems had 99% 

antimicrobial activity to all isolates of Enterobacteriaceae. DDST and E-test was used to 

confirm the ESBL production. The prevalence of ESBLs was 18.4% in K. pneumoniae, 

1.3% in E. coli isolates, 12.6% in K. oxytoca and 5.3% in Proteus mirabilis. 

Villegas et al. (2004) determined the frequency and genetic identities of ESBLs 

harboured by E. coli and K. pneumoniae isolated from Colombian hospitals.  A complex 

of eight tertiary care hospitals in Cali, Medellin and Bogota was established in January 

2002. During the six months study period the data of the isolates of 394 K. pneumoniae 

and 1074 E. coli was acquired from these eight hospital laboratories. The frequency of 

ESBL harbouring isolates of K. pneumoniae (32.6%) and E. coli (11.8%) from the ICUs 

was greater than the frequencies from other wards. SHV and TEM enzymes were also 

detected by molecular methods, the TEM class was detected in about 60% of organisms, 

whereas the SHV class was less prevalent. 

Kang et al. (2004) established a study to evaluate treatment outcome and 

mortality risks of bacteremia produced by ESBL-producing E. coli and K. pneumoniae. 

NCCLS recommendations were used for phenotypic characterization of ESBLs among E. 

coli and K. pneumoniae. A total of 133 patients were analysed, aged 16-87 years. Among 

the isolates, 67 were ESBL K. pneumoniae, whereas 66 were ESBL E. coli. The risk 

factors associated with mortality were severe septic shock, care in ICU, 

immunosuppressive treatment, peritonitis, neutropenia and use of extended-spectrum 

cephalosporins as absolute antibacterial treatment. The degree of mortality was 25.6% 

among the patients who received antibiotics for 30 days. The rate of mortality varied 

according to the antibiotics administered was found to be 10.3% in patients treated with 

ciprofloxacin, 12.9% in patients who received carbapenems and 26.9% in patients with 

cephalosporins and aminoglycosides. Mortality in patients who received 

unsuitable antimicrobials was not significantly greater than those who received 

appropriate antimicrobials. Carbapenems and ciprofloxacin found to be most valuable 

antibacterial drugs in treatment of bacteremia produced by ESBL producing K. 

pneumoniae. Slight delay in definitive antibacterial treatment was not related to greater 

mortality. 
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 Blomberg et al. (2005) determined the prevalence of ESBL producing Gram 

negative organisms producing paediatric septicemia at a tertiary care hospital in Dar-es-

salaam Tanzania. A total of 48 strains of K. pneumoniae, 36 isolates of E. coli and 37 

isolates of Salmonella enterica were recovered. The frequency of ESBLs was 25% in E. 

coli and 17% among K. pneumoniae strains. Patients who had septicemia because of 

ESBL-negative bacteria had considerably lower mortality than those who infected with 

ESBL-positive bacteria. The ESBL-producing isolates showed higher resistance towards 

normally used antibiotics at the hospital. 

Mendelson et al. (2005) studied the prevalence and risk factors related to 

ESBLs in E. coli and K. pneumoniae isolated from urine specimens of patients from a 

long-term care facility. A total of 901 urine cultures were processed to detect the 

existence of E. coli and K. pneumoniae. The urine samples positive for E. coli (n=350) 

and K. pneumoniae (n=84) were further checked for the existence of ESBLs. The total 

frequency of ESBL-producing strains comprising of E. coli and K. pneumoniae isolates 

was 25.6%. Of the 350 urine samples, 77 (22%) found to be positive for ESBL E. coli 

and 34 (40.5%) were positive for ESBL K. pneumoniae. Factors like male gender, recent 

antibiotic treatment, pressure sores, anemia, treatment in the sub-acute care unit, 

percutaneous endoscopic gastrostomy tube, hypoalbuminemia, urinary catheter and other 

invasive practices were also linked with the presence of ESBL producing uropathogens. 

Amongst antibiotics, fluoroquinolones were related to the increase in ESBL-producing 

organisms. Association of ESBL-producing K. pneumoniae and E. coli with that facility 

was also investigated and unpredictably high prevalence of such strains was found in the 

aforementioned facilities. Accurate detection and reporting of risk factors related to 

ESBL harbouring bacteria found to be the best option to control the dissemination of 

ESBL producing organisms. 

Al-Zahrani and Akhtar (2005) studied the antimicrobial sensitivity pattern of 

ESBL harbouring K. pneumoniae and E. coli. Eighteen strains of K. pneumoniae and 48 

of E. coli were confirmed as ESBL positive according to NCCLS guidelines. These 

ESBL producers were examined for co-amoxiclav, piperacillin-tazobactam, ampicillin-

sulbactam, ticarcillin-clavulanate, amikacin, gentamicin, ciprofloxacin, levofloxacin, 

tobramycin, imipenem, meropenem and co-trimoxazole. Nitrofurantoin and norfloxacin 
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were examined only for urinary isolates. The susceptibility pattern of antibiotics by 

ESBL K. pneumoniae exhibited the maximum susceptibility to meropenem (94.4%), 

gentamicin and piperacillin-tazobactam (88.9%), ciprofloxacin, levofloxacin and 

amikacin (83.3% each). A similar antibiotic susceptibility pattern was observed in ESBL 

E. coli, which exhibited maximum susceptibility to meropenem (95.8%). Two other 

antibacterial drugs, amikacin (93.7%) and imipenem (91.7%) also yielded good results. 

Susceptibility of both organisms to other antibiotics like tobramycin, ampicillin-

sulbactam and trimethoprim-sulfamethoxazole was below 80%.  

 Pitout et al. (2005) reviewed the emergence of ESBL-producing 

Enterobacteriaceae, especially Klebsiella species, in the community acquired infection. 

SHV and TEM types of ESBL K. pneumoniae were established as a major reason for 

nosocomial infections. Appropriate infection control strategies had widely controlled the 

dissemination of these organisms in many hospital settings. During the late 1990s and 

2000s however, CTX-M ESBL producing Enterobacteriaceae, predominantly E. coli, 

have been identified from the communities. Resistance to some antimicrobial drugs such 

as fluoroquinolones, is frequently related to ESBL producing bacteria. Many laboratories 

were unaware of the significance of ESBL detection in Enterobacteriaceae developing 

from community. A sharp alertness of these strains by physicians and improved analysis 

by laboratories and use of molecular tests is essential to diminish the entry of ESBL 

strains in hospitals and to stop the dissemination of these bacteria in community. 

Marra et al. (2006) evaluated hospital acquired K. pneumoniae bloodstream 

infections retrospectively from 1996 to 2000. ESBL harbouring organisms were 

identified by E-test technique. The relationship of mortality with different variables 

was included in logistic regression model. Frequency of ESBL producing strains was 

52% and a greater number of patients with ESBL K. pneumoniae were in ICUs. These 

patients had an intervention in the form of central venous catheters. General mortality 

rate in hospital was 40.8% and the independent variables related to mortality were 

mechanical ventilation, number of co-morbidities, underlying disease and use of 

antibiotics suggested before bacteremia. It was concluded that higher mortality in 

nosocomial bloodstream infections by K. pneumoniae was associated with the previous 
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use of antibiotics, the requirement for mechanical ventilation and existence of rapidly 

fatal disease. 

Damjanova et al. (2006) carried out a study to define the phenotypic and 

molecular characteristics of ESBL K. pneumoniae. One hundred and twenty six clinical 

strains of K. pneumoniae were collected during 1998 to 2003. These isolates were 

collected from neonatal ICUs during 7 outbreaks from 5 tertiary care hospitals. All ESBL 

harbouring K. pneumoniae isolates were resistant to ceftazidime, cefotaxime and 

piperacillin-tazobactam while 71% were resistant to co-trimoxazole and none of the 

bacteria showed resistance to ciprofloxacin. Molecular analysis done by PFGE and PCR. 

All the organisms carried plasmids which ranged in size from 2.3 kb to 228 kb and SHV 

and TEM type ESBLs were detected. Most of the isolates harboured blaSHV genes on 

moveable plasmids of 94 kb. During the analysis blaTEM amplicons were also detected in 

34% of the organisms. 

Tunyapanit and Pruekprasert (2006) detected the occurrence and sensitivity 

patterns of ESBL positive E. coli isolated in Thai patients during 2003 to 2004 with 

community acquired UTI. ESBL positive E. coli were isolated from 6 out of 107 bacteria, 

resistant to cefuroxime, ampicillin and cefazolin. Out of these 6 bacteria, the resistance to 

gentamicin, cefotaxime and norfloxacin was 67%, 50% and 50% respectively. ESBL-

negative isolates were detected in 94% isolates with 76% resistant to ampicillin, 30% 

norfloxacin, 6% cefazolin, 8% cefuroxime, 3% to gentamicin and none to cefotaxime. 

The minimal inhibitory concentration of cefuroxime, cefazolin, gentamicin, norfloxacin 

and cefotaxime compared to ESBL bacteria were 32 to 256 times greater than ESBL 

negative bacteria.  It was concluded that community acquired ESBL positive E. coli were 

resistant to antibiotics normally used in the management of UTI. It was suggested that 

antimicrobial control strategies should be implemented in order to reduce the 

development of antibiotic resistance.  

Grover et al. (2006) studied the phenotypic and genotypic properties of ESBL 

producers that mediated resistance to cephalosporins in K. pneumoniae. The study was 

conducted in 2 steps among K. pneumoniae isolates. In phase I, K. pneumoniae were 

isolated in 2001 and 2002, before the launch of cefepime in India. In phase II K. 

pneumoniae were also isolated in 2003 and 2004, after the launch of cefepime in India. 
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ESBL production was detected using DDST, PCR and E-test. Phase II isolates showed 

higher resistance than phase I isolates. In phase I, 65.7% ESBL producers were isolated 

while in phase II, there were 88.0% ESBL producing isolates. All of the ESBL producers 

were 100% resistant to ceftazidime and cefotaxime. ESBL producers also showed 

considerable resistance to cefepime (38.5%) and cefoxitin (40%). The ESBL producers, 

irrespective of the phase of the detection, exhibited greater resistance to cephalosporins in 

phase I (19.7-85.9%) and phase II (51.7-100%) in comparison to ESBL negative isolates. 

It was concluded that continued use of cephalosporins appeared to be a possible reason 

for the occurrence of ESBL K. pneumoniae.  

Gavin et al. (2006) assessed infections produced by ESBL Klebsiella and E. coli. 

They treated patients with piperacillin-tazobactam to conclude whether the sensitivity 

breakpoint predicted their outcome. The ESBL-producing isolates were most frequently 

isolated from urine. A single antibacterial agent was used to treat most of the patients. 

Piperacillin-tazobactam alone or in combinations was given to 23 patients, six of which 

had a non-UTI infection while 17 had a UTI infection. The success rate of treatment with 

piperacillin-tazobactam was 91% in non-UTI infections and 100% in UTI infections.  

Tofteland et al. (2007) described the detection of ESBL genes and their products 

in K. pneumoniae strains isolated in Norway. Phenotypic methods used for ESBL 

detection were DDST in combination with E-test and susceptibility to non β-lactam 

antibiotics. ESBL enzymes were identified in 84% of K. pneumoniae isolates. The blaSHV 

was identified in 60% of bacteria and blaTEM was identified in 6% bacteria, while the 

remaining isolates harboured other types of ESBL genes. Most of the K. pneumoniae 

isolates were multi-drug resistant. All K. pneumoniae strains showed reduced sensitivity 

to oxyimino-cephalosporins, while 45% of strains were resistant to aminoglycosides. No 

nosocomial outbreak was identified during the study period. There were 42% ESBL K. 

pneumoniae detected in UTIs and 10% of them were from outpatients, while none of the 

ESBL K. pneumoniae were detected in blood cultures. 

Bell et al. (2007) investigated the occurrence and impact of a negative ESBL 

confirmation test following positive screening test using CLSI methods among K. 

pneumoniae and E. coli isolated from Sentry Antimicrobial Surveillance Programme in 

the Asia-Pacific region. Screen positive with negative confirmation test (failed to show 
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clavulanate synergy) was detected in 8.9% of the 4,515 E. coli and 20.3% of the 2,303 K. 

pneumoniae strains, collected during 1998 to 2004. Fifty two isolates of E. coli and sixty 

eight K. pneumoniae with negative confirmatory test and comparable number of bacteria 

with confirmed ESBL-positivity were also selected and further observed for the 

occurrence of TEM and SHV genes. It was found after confirmatory tests that 62% of 

ESBL negative E. coli and 75% of ESBL negative K. pneumoniae harboured a plasmid-

mediated AmpC enzyme, while the confirmed ESBL K. pneumoniae had blaSHV (85.3%) 

and blaTEM (14.7%). Most of the K. pneumoniae and E. coli with negative confirmatory 

test from Asia-Pacific carried main β-lactamases and positive screening check single-

handedly should be enough to detect resistance to cephalosporins.  

Biswas and Kelkar (2008) described the early detection of ESBL producers using 

MacConkey agar with ceftazidime. Overall, 374 clinical specimens were processed 

on MacConkey agar with ceftazidime for provisional detection of ESBL isolates. Lactose 

fermenting colonies on MacConkey agar with ceftazidime (CMAC) were 

provisionally detected as ESBL producing isolates and then further identified by standard 

methods. The presence of ESBLs were detected by DDST and followed by the CLSI 

confirmation method. One hundred and thirty four (35.8%) isolates showed growth on 

CMAC, out of which 50 were lactose fermenters. Nineteen isolates were identified as K. 

pneumoniae and 31 bacteria were identified as E. coli. The total of the 50 isolates 

were confirmed to be ESBL producers. The phenotypic method and CMAC can assist the 

early detection of ESBLs, which can be very useful from the treatment point of view. The 

early detection can help the clinician to treat infections produced by ESBL-producing 

bacteria quickly. 

Niumsup et al. (2008) determined the epidemiology of ESBL-producing K. 

pneumoniae and E. coli. K. pneumoniae and E. coli (50 strains) with reduced sensitivity 

to third generation cephalosporins were isolated from eleven hospitals of Thailand for 

this study. All isolates were screened for the production of ESBLs by DDST and 

combined disk techniques. Most of the ESBL K. pneumoniae were highly resistant 

to aztreonam (90%) and ceftazidime (94%). Most of the ESBL E. coli were highly 

resistant to cefotaxime (74%) and ceftriaxone (95%). Plasmids were detected and the β-

lactamase gene was detected by PCR and sequencing. The TEM-type gene was detected 
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in 71% positive ESBL K. pneumoniae and 63% ESBL positive E. coli isolates. Antibiotic 

sensitivity was also determined that suggested imipenem could be an important antibiotic 

for treatment. 

Mosqueda-Gomez et al. (2008) determined the incidence, risk factors, outcome, 

and molecular epidemiology of bacteremia produced by ESBL and non-ESBL (controls) 

K. pneumoniae. ESBL formation was detected by E-test and ESBL positive strains were 

typed by PFGE. Seventeen of the 121 bacteremic patients harboured ESBL-producing K. 

pneumoniae. Multivariate analysis identified prior use of cephalosporins and stay in ICU 

as an important risk factor. Other risk factors included nasogastric tube, central venous 

and an arterial catheter. There was insignificant difference in mortality rate between 

ESBL positive and negative cases. ESBL K. pneumoniae were multidrug resistant and 

were sensitive only to imipenem.  

Langer et al. (2009) demonstrated the importance of application of active 

microbiological surveillance and improved infection control procedures to control 

infections of ESBL K. pneumoniae in an ICU in New Jersey, USA. The hospital 

instituted Enhanced Infection Control (EIC) measures in the ICU which included contact 

protections for and cohorting of patients. In addition, room cleaning was also done after 

the discharge of each patient. A programme of active microbiological surveillance (AMS) 

was implemented to identify patients colonized asymptomatically. The perirectal and 

oropharyngeal swabs were collected for the growth of organisms from ICU patients. 

ESBL producing bacteria were identified in hospital laboratory using previously 

published techniques. None of the hospital staff had a positive perirectal swab for ESBL 

K. pneumoniae. A single patient admitted in ICU which later became infected, 

represented failure of EIC. A single patient died in the ICU, but that mortality was not 

considered due to an ESBL K. pneumoniae infection. Despite the fact that ESBL K. 

pneumoniae was identified and one patient infected after EIC application, yet EIC 

efficiently stopped the outbreak. It was suggested that the authorities should implement 

EIC measures for a similar outbreak. 

Aladag et al. (2009) investigated the carbapenem susceptibility, plasmid profiles 

and ESBL characteristics of K. pneumoniae isolated from UTI. Eighty seven K. 

pneumoniae strains were collected from the patients of UTIs. The resistance 
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characteristics were found against imipenem and meropenem activity. The strains 

producing ESBLs and their plasmid profile were also determined. ESBL production was 

noted among 44% of strains and 76% of them were plasmid mediated. The size of these 

plasmids ranged from 1.6 to 30.1 kb. ESBL and non-ESBL producers were found to be 

sensitive against imipenem and meropenem. No correlation was found between plasmid 

size of K. pneumoniae and carbapenem resistance. However, it was concluded that large 

plasmids were more effective than smaller plasmids in production of ESBL. 

Jacobs et al. (2009) determined the frequency of resistant strains of K. 

pneumoniae, Streptococcus pneumoniae and in other respiratory pathogens. They also 

observed the prevalence of production of ESBLs and regional variances in the incidence 

of ESBL formation and clonality of K. pneumoniae. Respiratory tract pathogens in 

hospitalized patients were collected from Germany. The E test method was used to test 

different drugs, including penicillin G, levofloxacin, clarithromycin, moxifloxacin, co-

amoxiclav, and cefuroxime. ESBL formation by K. pneumoniae was detected by DDST 

using cefotaxime/ceftazidime with or without clavulanate. A total of 1859 pathogens 

were studied. Overall, the fluoroquinolones attained maximum sensitivity (92.8%) 

compared with co-amoxiclav, clarithromycin and cefuroxime for all pathogens tested. 

ESBL production was seen in 57 (13%) out of 436 K. pneumoniae isolates. All K. 

pneumoniae isolates were sensitive to moxifloxacin and levofloxacin, while 67.8% were 

sensitive to co-amoxiclav and 84.7% were sensitive to cefuroxime. The antimicrobial 

sensitivity rate of ESBL producers to moxifloxacin and levofloxacin were 61.4% and 

68.4% respectively, while 12.3% were intermediate sensitive to fluoroquinolones. The 

rate of ESBL occurrence was 38.8% in Eastern Germany but its prevalence rate in 

Northern, Western and Southern Germany fluctuated from 4.7% to 7.1%.  

Cassettari et al. (2009) conducted study to determine the risk factors for neonatal 

colonisation by ESBL producing K. pneumoniae. One hundred and twenty neonates 

hospitalized during 3 months were examined for ESBL K. pneumoniae consecutively by 

rectal swabs and twenty seven of them were recognized as colonised. The risks related 

with colonisation were of antibiotics usage and lack of breast-feeding. Penicillin and 

amikacin were the most commonly used antibiotics. During the outbreak 9 bacteria were 

isolated in first phase and 27 bacteria from study were typed by PFGE which showed six 
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different clone profiles (A to F). It was concluded that prior antimicrobial use was a 

predisposing factor for colonisation.  

Lee et al. (2009) evaluated clinical characteristics, clinical outcomes and medical 

histories in 278 ESBL E. coli and K. pneumoniae that were also resistant to cefpodoxime. 

Bacteremia was caused by both ESBL and non ESBL producer strains. In the ESBL 

positive group, the most common association was diabetes mellitus, liver cirrhosis and 

end renal stage while in non-ESBL group the solid tumors were common association. 

Most of the strains were sensitive to imipenem and meropenem. It was concluded that 

ESBL production indicates a bad clinical outcome in bacteremic patients produced by K. 

pneumoniae resistant to cefpodoxime. 

Ullah et al. (2009) conducted a study to describe that UTIs were the most 

prevalent infections worldwide and were frequently caused by ESBL E. coli. They 

obtained 116 E. coli from a total of 342 urine specimens from different patients. ESBL 

detection and antibiotic susceptibility were carried out according to CLSI criteria. An 

antibiotic susceptibility profile was tested against 15 antibiotics and 66 strains were found 

as ESBL producers. Among them, 47 strains were isolated from females and 19 were 

isolated from males. The frequency of ESBL producers in medical, gynaecology and 

paediatric ward was 58%, 58.3% and 52% respectively. 

Mendonca et al. (2009) studied the molecular characteristics and antimicrobial 

susceptibility of ESBL K. pneumoniae, detected from 17 Portuguese health institutions 

over six months. ESBL formation in K. pneumoniae was detected by phenotypic methods 

(E-test) and the ESBL positive isolates were further studied by molecular methods. There 

were 27 (14%) ESBL producing strains which were piperacillin, ampicillin and cefazolin 

resistant. Resistance to different other antibiotics like cefotaxime 7.4%, ceftazidime 

77.8%, gentamicin 74.1% and trimethoprim/sulfamethoxazole 88.9% was also observed. 

Eleven of the ESBL producing isolates had bla ESBL-SHV genes while 9 isolates 

possessed bla ESBL-TEM genes. 

Randrianirina et al. (2009) described the role of contaminated aspiration tubes in 

the spread of ceftazidime-resistant K. pneumoniae. The resistant strains were obtained 

from 10 neonates who were affected with different infections. Six patients had 

respiratory distress with fever survived after successful treatment with ciprofloxacin and 
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imipenem. Four patients were treated with gentamicin and ceftriaxone but three of them 

could not survive. The average duration of hospital stay was 34 days for the ones who 

survived and 3 neonatal mortalities happened between the 5th and 8thday of 

hospitalization. It was showed by the history of the infected neonates during 

hospitalization that all of them had mucous aspiration after birth. The tap water was being 

used to rinse the tubes for reuse which became the reason for infections due to 

contamination. The resistance pattern of K. pneumoniae detected from the tap water was 

same as the resistance pattern of isolated strains of rectal swabs and nasogastric tubes. 

Feizabadi et al. (2010) worked on the ESBL producing K. pneumoniae and 

distribution of associated genes at Labbafinejad Hospital, Tehran, Iran. The aim of their 

study was to detect the ESBL encoding genes among K. pneumoniae which included 

blaSHV, blaTEM and blaCTX-M. They conducted the work from March 2008 to March 2009 

and 89 bacteria detected from various patients were included. Identification of K. 

pneumoniae was done on the basis of different biochemical tests and ESBL producing 

isolates were identified by phenotypic confirmatory method. Three genes blaSHV, blaTEM 

and blaCTX-M were detected using PCR and further identified using DNA sequencing. 

Antimicrobial sensitivity pattern of the isolates was also determined using 17 different 

antibiotics. The resistance of isolates against aztreonam, cefixime, cefpodoxime, 

cefotaxime and ceftazidime was 79.7%, 67.4%, 66.2%, 65.1% and 61.7% respectively. 

All the isolates were found sensitive to imipenem. Out of 89 isolates of K. pneumoniae 

62 (69.7%) were ESBL producing. The ESBL encoding genes detected as blaSHV 

(67.4%), blaTEM (54.0%), blaCTX-M-I (46.51%) and blaCTX-M-III (29.0%). They concluded 

the high prevalence of blaSHV-5, blaSHV-11, blaSHV-12, blaTEM-1, and blaCTX-M-15 genes 

among ESBL producing K. pneumoniae in Iran. 

Naas et al. (2010) evaluated DNA Microarray method for the rapid discovery of 

SHV and TEM type ESBLs. DNA Microarray is a novel commercial system to directly 

identify the ESBL producing genes. Gram negative rods expressing ESBLs were 

analysed by this procedure. The phenotypically confirmed clinical strains were tested by 

DNA Microarray technique which allowed quick identification of SHV, TEM and other 

ESBL genes CTX-M as well as KPC-2 gene. An easy differentiation was observed 

between non-ESBL SHV, TEM and their ESBL products by this procedure. ESBL gene, 
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blaSHV was detected in 90% of K. pneumoniae.  This array was found to be a strong, high 

throughput tool for quick detection of ESBL producers.  

Khan et al. (2010) conducted a study to assess the trends of ESBL, multidrug 

resistant (MDR) ESBL and emergence of carbapenems resistant ESBL producing isolates 

of K. pneumoniae from Pakistan. They identified the K. pneumoniae using routine 

microbiological procedures. Antibacterial sensitivity was done by using Kirby Bauer disc 

method and ESBL detection was performed by phenotypic methods. A total 15,914 K. 

pneumoniae (2002-2007) were found to have a significant increase in ESBL and 

MDR ESBL K. pneumoniae. A prominent association of ESBL positive K. pneumoniae 

with the age of less than 10 years noted. The majority of ESBL producers were detected 

from blood specimens of the male patients and were carbapenems resistant.  

Wen et al. (2010) examined the effects of replacing 3rd and 4th generation 

antibiotics with piperacillin-tazobactam for ESBL E. coli and K. pneumoniae among 

hospitalized patients. A prospective study was performed that comprised of stage I, a 3 

months pre-intervention stage and stage II, a 6-months intervention stage. In this 

duration, the use of 3rd and 4th generation antibiotics was limited and substituted by 

piperacillin-tazobactam. The rectal swabs were taken within 24 hours after admission and 

48 hours before discharge during stage I and the last 3 months of stage II. The swabs 

were examined for E. coli and K. pneumoniae and ESBL formation was detected with the 

DDST. The practice of piperacillin-tazobactam was increased by 28-fold while the use of 

cephalosporins was reduced. The frequency of acquisition of ESBL K. pneumoniae and 

E. coli along with rectal swab specimens decreased in stage II from 29.5% to 19.5% 

when compared with stage I. Only some rectal swab samples were found positive for 

ESBL K. pneumoniae. 

Nasa et al. (2011) determined the incidence, risk factors and outcome of 

nosocomial infections produced by ESBL producing bacteria in ICU patients. The strains 

of E. coli and K. pneumoniae in blood cultures were analyzed. The patients were 

distributed into two groups as ESBL and non-ESBL patients. Mortality from ICUs was 

the primary outcome measure and the prevalence rate of ESBL production was 76.8%. It 

was concluded that shifting from other hospitals and prior antibiotic administration were 

significant risk factors for the spread of ESBL-producing pathogens. There was 
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no prominent change in mortality amongst two groups in ICU. However, it was noticed 

that appropriate early antibiotic therapy improved the outcome of patients.  

Saely et al. (2011) investigated the impact of previous antibiotic exposure to 

isolate of ESBL K. pneumoniae. A retrospective, case-control study was completed that 

compared the cases of ESBL K. pneumoniae with controls of non-ESBL K. pneumoniae. 

The exposure of three previous antibiotics was analyzed. The duration of antibiotic 

exposure was thirty, sixty and ninety days prior to bacterial isolation. ESBL K. 

pneumoniae isolation was related with 3rd generation cephalosporins and cefepime. It was 

showed that 3rd generation antibiotic usage was a risk factor for ESBL K. pneumoniae 

infections, whereas ampicillin-sulbactam administration was protective against these 

bacteria. Other independent factors of ESBL producing K. pneumoniae included nursing 

home residence and haemodialysis. It was concluded that prior use of some antibiotics 

like 3rd generation cephalosporin, nursing homes and haemodialysis were risk elements 

for the spread of ESBL K. pneumoniae irrespective of the time frame analyzed.  

Wang et al. (2011) did a study to decide clinical manifestations of bacteremia 

owing to ESBL K. pneumoniae and prevalence of ESBL production in cancer patients. 

This study was organized in patients with cancer in two hospitals in Taiwan from 2002 to 

2007. One hundred and thirteen cases of bacteremia due to ESBL K. pneumoniae in 

cancer patients were analyzed to find out the association of clinical signs and initial 

manifestations with mortality at 14 days after onset. The risk factors associated with 14 

days mortality were pneumonia or soft-tissue infection as the bacteremia source, shock, 

respiratory failure or severe sepsis and inappropriate definitive therapy. Only pneumonia, 

severe sepsis and inappropriate definitive therapy were individually associated with a 

fatal outcome. It was concluded that the presence of haematological malignancy and 

neutropenia in cancer patients with bacteraemic infections produced by ESBL bacteria 

was not related with an increase in the mortality rate. Appropriate definitive antimicrobial 

therapy should be implicated in order to improve clinical outcome. 

Bennett et al. (2011) carried out a study to analyze the influence of ESBL K. 

pneumoniae infections in burn patients.  Among 91 burn patients, there were 111 

incidents of K. pneumoniae infections of which 59 strains were ESBL-producing strains. 

Patients with ESBL bacteria had higher injury severity with complete thickness burns. 
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Patients who lived and discharged were younger, had less burns, less stay on ventilator 

and less infections with ESBL bacteria. It was showed that an infection with ESBL K. 

pneumoniae during the hospitalized period was one of the factors leading to death. 

Positive ESBL strains were further studied at molecular level and SHV was found in 97% 

of the strains while TEM was present in 61% isolates. None of the strains contained 

CTX-M or the carbapenemase gene. 

Simmer et al. (2011) described the prevalence, antibiotic sensitivity pattern and 

molecular characterization of ESBL E. coli in a study conducted at a Canadian hospital. 

A fluctuation in prevalence was found from 2007 to 2009. The national occurrence of 

ESBL E. coli was 3.4% in 2007, 4.9% in 2008 and 4.3% in 2009. There was no 

significant increase among these years but there was an increase regionally on both 

the Western (4.4% in 2007, 7.6% in 2008 and 9.4 % in 2009) and Eastern (0.9% in 2007, 

3.0% in 2008 and 4.2% in 2009) coasts of Canada. The prevalent infections produced 

by ESBL E. coli were more frequent in males (4.8%) than females (3.7%). Resistance 

rates to doxycycline and trimethoprim/sulfamethoxazole among ESBL E. coli were 

increased over the study period, whereas resistance to gentamicin was decreased. ESBL-

producers showed blaTEM-1 in 42.5% cases. In conclusion, multi-drug resistant E. coli 

expressing ESBLs were established in Canadian hospitals but the prevalence rates of 

these isolates remained low.  

Lee et al. (2011) evaluated the efficacy of carbapenem therapy in bacteremia 

produced by E. coli and K. pneumoniae. It was a retrospective observational study 

conducted among bacteremic patients with ESBL K. pneumoniae E. coli and K. 

pneumoniae getting a carbapenem such as imipenem, ertapenem or meropenem therapy.  

ESBL detection and antibiotic sensitivity in patients was followed by CLSI 

recommendations. The dosage was according to renal infection suggested by a physician. 

Persistence of bacteremia owing to ESBL bacteria during carbapenem treatment was 

considered as microbiological failure. The outcome of treatment was analysed in 244 

patients, along with 73 (29.9%) ertapenem and 171 (70.1%) imipenem or meropenem 

treated. The primary outcome was 30 day mortality. To treat polymicrobial bacteremia, 

antibacterial treatment with co-trimoxazole, ticarcillin-clavulanate, linezolid and 

ciprofloxacin or fluconazole was given for coexisted organisms. It was concluded that 



40 
LITERATURE REVIEW 

 
 

ertapenem therapy was effective for bacteremic patients with ESBL producing E. coli and 

K. pneumoniae in mortality perspective as compared to meropenem or imipenem.   

Liu et al. (2011) determined the antimicrobial sensitivity pattern of urinary ESBL 

E. coli and K. pneumoniae to fosfomycin, nitrofurantoin and other antibiotics. A total of 

200 urinary bacteria were collected, including 134 ESBL E. coli and 66 ESBL K. 

pneumoniae in Taiwan. A disk diffusion technique was used to determine susceptibility 

to fosfomycin, as well as other antibiotics. ESBL K. pneumoniae and ESBL E. coli were 

susceptible to imipenem. Fosfomycin had lesser antibacterial action against ESBL K. 

pneumoniae (57.6%) but better sensitivity to ESBL E. coli (95.5%), including 

nosocomial bacteria. Trimethoprim-sulfamethoxazole showed highest resistance to ESBL 

K. pneumoniae and ESBL E. coli. Nosocomial ESBL K. pneumoniae were related with 

significantly lower sensitivity to gentamicin, trimethoprim-sulfamethoxazole, 

ciprofloxacin and amikacin. ESBL E. coli exhibited resistance to ciprofloxacin, which 

was also associated with low susceptibility to gentamicin (32.6%). ESBL K. pneumoniae 

showed 2.4% resistance to nitrofurantoin and 9.8% to trimethoprim-sulfamethoxazole, 

which was not associated with decreased fosfomycin susceptibility. 

Eftekhar et al. (2012) performed a study on ESBL detection in K. pneumoniae 

isolated from urine samples. They examined the ESBL production in K. pneumoniae in 

relation to TEM, SHV and CTX-M. Fifty one K. pneumoniae strains were collected from 

two hospitals in Tehran. Fourteen bacteria were reported to be ESBL producers by DDST 

and TEM, SHV and CTX-M were described by molecular methods (PCR amplification 

assay). SHV genes (28%) were more dominant than the TEM and CTX-M (21% each). 

The remaining ESBL producers lacked these three genes. Resistance to different 

antibacterial drugs was assessed by a disk diffusion technique. The highest resistance was 

observed for amoxicillin (96%). Significant resistance was observed against 

nitrofurantoin (78.43%), amikacin (49.02%), ceftriaxone (41.7%), gentamicin (29.4%) 

and ciprofloxacin (29.4%). 

Pathak et al. (2012) described the occurrence of ESBL organisms in a study 

conducted at two hospitals in Ujjain, India. The study was designed to reveal magnitude 

of antimicrobial resistance in ESBL E. coli and K. pneumoniae to guide a definite 

empirical therapy. Average age of patients was 25 (0-92 years). A total number of 447 
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bacterial pathogens were detected from various clinical specimens. Of these, 88 (53%) 

pathogens were isolated from paediatric patients (0-12 years) and 359 (65%) from adults. 

Patients displayed various infections, including wound infections (56%), UTIs (14%), 

bacteremia (10%), pneumonia (10%) and vaginal infections. ESBL-producing K. 

pneumoniae were resistant to co-amoxiclav (86%), co-trimoxazole (81%), ceftazidime 

(73%), cefpodoxime (70%), ceftriaxone (67%), gentamicin (67%) and ciprofloxacin 

(60%). Imipenem remained an antibiotic of choice and all bacteria were sensitive to 

imipenem. ESBL-positive K. pneumoniae showed good sensitivity to piperacillin-

tazobactam (82%). 

Muro et al. 2012 conducted research at a hospital in Montessey, Mexico. They 

described the molecular epidemiological characteristics of nosocomial infections due to 

ESBL Enterobacteriaceae. Ninety bacterial isolates of K. pneumoniae, E. coli, E. cloacae 

and S. marcescens were isolated from blood samples. Organisms were identified for 

ESBL production by combined disk method. Half of the isolates (45) showed ESBL 

production and among all of these Enterobacteriaceae, 62% of K. pneumoniae were 

ESBL positive. All of the strains were susceptible to imipenem. SHV type ESBL was the 

most dominant type, isolated at a frequency of 82%. They used PCR to identify the SHV, 

TEM and CTX-M genes. SHV type (SHV-5, SHV-2 & SHV-12) ESBL genes were more 

dominant than the other types and the frequency of SHV genes was found to be 72%, 

while the frequency of CTX-M15 was 27%. TEM type was found at a frequency of 1%. 

Harini and Ananthan (2012) carried out a study to detect the occurrence of MDR 

ESBL strains of E. coli and K. pneumoniae among children, at the Institute of Child 

Health, Chennai, India. The period of the study was four months and it was conducted on 

paediatric patients between 0-5 years of age. From 80 isolates, 70% were K. pneumoniae, 

isolated from different clinical specimens like stool (3.5%), sputum (3.5%), blood 

(3.5%), wound (18.5%) and urine (71%). The antimicrobial sensitivity of the isolates was 

checked by a simple standard disk diffusion technique according to CLSI 

recommendations. The bacterial isolates that displayed resistance to three antibiotics 

(ceftazidime, cefotaxime, ceftriaxone) were designated as MDR. ESBL detection in these 

MDR strains was carried out by DDST and CLSI confirmatory tests. K. pneumoniae were 

highly resistant to gentamicin, ampicillin and amikacin (100% each). These bacteria were 
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also resistant to ceftazidime (96.4%), cefotaxime (53.6%) and ceftriaxone (53.6%). Only 

35.7% bacteria were resistant to ciprofloxacin and all of the bacteria were sensitive to 

imipenem. Only three of these isolates were ESBL positive. This study showed the 

occurrence of ESBL K. pneumoniae in a paediatric population of South India. 

Kizilca et al. (2012) described the risk factors related to community acquired 

UTIs produced by ESBL forming organisms. The study was performed at the department 

of paediatrics, Children’s Hospital, Istanbul, Turkey for a period of two years. Three 

hundred and fourty four paediatric patients who had UTIs were included in this study. 

One hundred and fifty four Klebsiella species (48%) and 166 E. coli (52%) were found to 

be the major causative agents for these infections. These isolates were verified for ESBL 

production by DDST and CLSI test. Of these 320 E. coli and K. pneumoniae strains, 148 

isolates were found to be ESBL producers. Among the Klebsiella species, 53.2% were 

ESBL producers. ESBL producing bacteria showed resistance to trimethoprim-

sulfamethoxazole (83.1%), quinolones (47.3%), aminoglycosides (39.9%) and 

nitrofurantoin (18.2%). ESBL producers were more prevalent among children under the 

age of 1 year. Urinary catheterization, long hospitalization, prophylaxis for long duration 

and use of cephalosporin prophylaxis were found to be the most significant risk factors 

related to ESBL producing organisms. 

Park et al. (2012) evaluated the various risk factors linked to MDR among ESBL 

K. pneumoniae and E. coli (collectively ESBL-EK). This case control study was 

conducted at Samsung Medical Center, Seoul, South Korea during Jan 2009 to Dec 2010. 

Out of 123 ESBL-EK isolates, 49 (39.8%) K. pneumoniae and 74 (60.2%) E. coli were 

nosocomial bacteria. These bacteria were studied for MDR by simple disk diffusion 

technique. Frequency of MDR ESBL-EK was found to be 26.8% (33) among ESBL 

positive isolates. Among 49 (39.8%) ESBL Klebsiella pneumoniae, 12 were MDR. These 

MDR ESBL bacteria were sensitive to piperacillin-tazobactam (51.2%) followed 

gentamicin (43.9%), fluoroquinolones (29.3%) and trimethoprim-sulfamethoxazole 

(27.6%). It was observed that neutropenia, prior use of antibiotics, invasive devices and 

use of immunosuppressants were risk factors associated with these MDR strains. 

Wang et al. (2012) described K. pneumoniae is a main reason for pneumonia in 

China. Only 21 K. pneumoniae were isolated from 1270 sputum samples of patients who 
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had pneumonia. Strains were recognized by an automated system, DDST and CLSI 

confirmatory tests were performed. Bacterial DNA was extracted for multilocus 

sequencing type analysis (MLST). ESBL genes were identified by PCR and ESBL 

formation was confirmed in 52.4% of K. pneumoniae strains. All of the bacteria were 

sensitive to imipenem and cefotetan (100% each). Susceptibility was also observed with 

piperacillin-tazobactam (81.8%) and amikacin (72.7%). ESBL genes were identified by 

PCR. Five SHV-type (SHV-2, 26 and 28) and 5 CTX-M type (CTX-M-14, 65 and 24) 

genes were found equally in 11 ESBL producers. One strain lacked ESBL genes and 

TEM-type was not detected in any of these strains. MLST analysis showed that ESBL K. 

pneumoniae strains were genetically diverse. 

Peirano et al. (2012) showed a 10 year duration study on ESBL K. pneumoniae 

isolated in Calgary, Canada. Eighty nine patients were recognized who were infected 

with ESBL K. pneumoniae. The majority of the infections were hospital acquired (55%). 

Most of the patients developed UTIs (85%), while others presented with intra-abdominal 

infections (5%), primary sepsis (5%) and pneumonia (5%). The prevalence of K. 

pneumoniae was low during 2000-2003 (0.1%), slightly increased in 2004 (0.1%) but 

remained stable until 2008 (0.8%) and an abruptly increased in 2009 (1.5%).  Among 

these 89 ESBL producers, 44% were found to be resistant to co-amoxiclav, 65% to co-

trimoxazole, 26% to piperacillin-tazobactam, 27% to gentamicin, 4% to amikacin and 

36% to ciprofloxacin. None of isolates were resistant to carbapenem. An important 

increase in resistance was also seen with co-trimoxazole, ciprofloxacin, gentamicin and 

amikacin from 2000 to 2009. Resistance to trimethoprim-sulfamethoxazole increased 

from 31% to 41% and in the case of gentamicin from 8% to 45% during the 10 year 

study. It was suggested that continuous surveillance programs were required to monitor 

the frequency of ESBL and its resistance to various antibiotics. 

Chong et al. (2013) described the prevalence of ESBL K. pneumoniae, E. coli and 

Proteus mirabilis in Japan. Their main objective was to detect the sources responsible for 

the spread of ESBL producing bacteria in community, especially CTX-M type. Isolates 

were studied on the basis of their genotype and epidemiological data of the patients. A 

total of 5,137 isolates from outpatients were studied, out of which 321 were ESBL-

producers. The ESBL positive isolates included K. pneumoniae, E. coli and Proteus 
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mirabilis. During the study duration from 2003 to 2011 the frequency of detection of 

ESBL strains increased for K. pneumoniae (8.7%), E. coli (14.3%) and Proteus mirabilis 

(19.6%). After analyzing the genotypes of the isolates, it was found that there was 

presence of multiple beta-lactamase enzymes. These enzymes included CTX-M, TEM 

and SHV. Among CTX-M type of enzyme, CTX-M-1 and CTX-M-2 were present in less 

than 30% of the isolates and the dominant type was CTX-M-9. This study showed the 

spread of diverse type of ESBL genotypes in the community settings. 

Denisuik et al. (2013) worked for five years on the epidemiology of ESBL and 

other beta-lactamase producing E. coli and K. pneumoniae in a Canadian hospital. The 

main objective of study was to describe the molecular characterization and establishment 

of antimicrobial resistance pattern of these organisms. A total number of 1659 K. 

pneumoniae and 5451 E. coli were processed during the study period. Screening for 

ESBL-producers and other beta-lactamase producers was done using antibiotic discs and 

further established by using PCR and sequencing of the resistant gene. It was noted that 

the rate of ESBL production from 2007 to 2011 among K. pneumoniae increased from 

1.5% to 4.0% and in E. coli from 3.45% to 7.1%. Antimicrobial susceptibility results 

showed that 89% K. pneumoniae and 97% E. coli were sensitive to amikacin, 

meropenem, colistin and ertapenem. Apart from other beta-lactamase enzymes, CTX-M-

15 ESBL enzyme was detected in 50.0% K. pneumoniae and 66.2% E. coli. During the 

study period frequency of ESBL E. coli and K. pneumoniae increased significantly and 

was responsible for multiple drug resistance. 

Kim et al. (2013) worked on infection control during an outbreak in neonatal ICU 

owing to ESBL K. pneumoniae. They conducted this study to reduce the spread of ESBL 

bacteria and their main focus was on the infection control measures. The study was done 

from May 2011 to August 2011 and was based on the monitoring of patients, culturing of 

samples and awareness for infection control in the neonatal unit. Samples for culture was 

obtained from patients as well as from the NICU apparatus and devices which included 

thermometers, incubators and ventilators. The health care personals and other staff 

working in the environment were also screened. They also shared education and 

awareness regarding the infection control practice and applied control measures where 

necessary. After all of these practice, results were obtained. The rate of ESBL K. 
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pneumoniae reduced from 30.4% to 12.6% which was very significant improvement. 

Bacteremia caused by central catheter associated K. pneumoniae also decreased 

significantly. In conclusion, they suggested that the proper monitoring and awareness of 

infection control procedures can reduce the frequency of ESBL producing isolates in 

hospital settings. 

Kopacz et al. (2013) worked on the isolation of ESBL K. pneumoniae from 

urinary tract infections. A total number of 47 ESBL positive bacteria isolated from non-

hospitalized patients were included in the study. The isolates were tested for the existence 

of CTX-M and carbapenemases with the help of PCR. It was found that 79.0% isolates 

were positive for these enzymes. Antimicrobial susceptibility pattern was determined 

according to the CLSI guidelines. Bacteria were found to be resistant to trimethoprim-

sulfamethoxazole (90.0%), levofloxacin (90.0%) and carbapenem (40.0%). A good 

susceptibility pattern was seen with polymyxin B (92.0%), tigecycline (87.0%) and 

fosfomycin (79.0%). Amongst ESBL-producers, 25.0% of the isolates did not harbour 

CTX-M or carbapenemases which showed the presence of other type of ESBL-producing 

gene. They suggested the use of extended spectrum antibiotics in invasive disease may 

help to reduce the progression of disease. 

Rettedal et al. (2013) studied the risk factors related to outbreak of CTX-M-15 

ESBL K. pneumoniae in Norway. They collected rectal and faecal samples from neonates 

admitted in the hospital. Demographic data of the patients including medical records, sex, 

gestational period, birth weight and duration of hospital stay was also noted. A total of 

212 samples were processed out of which 51 (24.0%) samples showed growth of ESBL 

K. pneumoniae. While studying the risk factors associated with the spread of disease, 

medical records of patients harbouring ESBL isolates were compared with non-colonized 

patients. Results showed that the ESBL colonized patients had prolonged stay in hospital, 

low gestational period and low birth weight as compared to the other group of patients. A 

higher occurrence of 68% of ESBL K. pneumoniae was observed among premature 

infants (˂32 weeks). They concluded that the excessive antibiotic treatment and 

premature birth were the major risk factors responsible for the ESBL K. pneumoniae 

outbreak. 
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Sun et al. (2013) studied ESBL producing E. coli and K. pneumoniae from urine 

samples and detected the presence of class 1 integrons. They collected 226 strains of E. 

coli and 53 strains of K. pneumoniae from Southern China. Amplification of ESBL genes 

was performed using PCR and RFLP and sequencing was done to detect gene cassette 

regions. The blaTEM was detected from 89.2% E. coli and 69.3% K. pneumoniae; blaSHV 

was identified in 4.5% K. pneumoniae; blaCTX-M was identified in 34.3% E. coli and 

45.5% K. pneumoniae. Class 1 integrons were identified in 144 (63.7%) of the ESBL E. 

coli strains and 35 (66.0%) of the ESBL K. pneumoniae. The gene cassettes were 

detected among 99 E. coli and 14 K. pneumoniae isolates. They found most of the 

aminoglycoside resistant genes in class 1 integron gene cassettes isolated from ESBL-

producing isolates. They concluded that the class 1 integrons were widely distributed and 

were responsible for major antibiotic resistance. 

Yang et al. (2013) conducted a study on E. coli and K. pneumoniae isolated from 

nosocomial and community acquired intra-abdominal infections. This study was 

conducted in China for 10 years and the main objective of the study was to determine the 

antibiotic susceptibility of the isolates. A total of 1,025 K. pneumoniae and 3,074 E. coli 

strains were processed. Antibacterial sensitivity was done by broth microdilution method 

and 12 antibiotics were tested against the isolates. The antibiotics included amikacin, 

imipenem, ertapenem, piperacillin-tazobactam, cefepime, ampicillin-sulbactam, 

ceftriaxone, ceftazidime, cefotaxime, levofloxacin, ciprofloxacin and cefoxitin. The 

antibiotics which were found very sensitive to both the strains were amikacin, ertapenem, 

piperacillin-tazobactam and imipenem. These antibiotics were found active against 

ESBL-producers as well as non-ESBL producers. The presence of ESBL enzymes in K. 

pneumoniae was found to be 30.1% to 39.3% during the 10 years. They concluded that 

the carbapenems were effective against the K. pneumoniae in nosocomial and community 

infections. They suggested reducing the use of 3rd and 4th generation antibiotics as 

empirical antimicrobial treatment. 



47 
MATERIALS AND METHODS 

 
 

MATERIALS AND METHODS 

MATERIALS 

3.1 Products, Chemicals and General Procedures 

All solutions, reagents, media, antibiotic discs and molecular kits used in the present 

study were of analytical grade. All solutions were prepared using either distilled water 

(dH2O) or double-distilled water (ddH2O; Milli-Q; Millipore). All solutions, glassware 

and media were sterilised by autoclaving at 121°C (15.0 lbs/in2) for 15 min. A complete 

list of suppliers, instruments and material used in this research is given in Appendix-1. 

The oligonucleotides used in the study are shown in Table 3.1. 

 

Table 3.1: Oligonucleotide primers used in the study 

Function Primer 

name 

Amplicon 

size (bp) 

Sequence (5’ → 3’) Reference 

Gene sequencing    

blaSHV SHV-F 1027 ATTTGTCGCTTCTTTACTCGCC This study 

 SHV-R  TTCACCACCATCATTACCGACC This study 

blaTEM TEM-F 1083 GTGCGCGGAACCCCTATT This study 

 TEM-R  GGGATTTTGGTCATGAGATTATC This study 

Gene identification (CTX-M Group)  

blaCTX-M  CTX-M-F 586 CGATGTGCAGTACCAGTAA Batchelor et al., 2005 

 CTX-M-R  TAAGTGACCAGAATCAGCGG Batchelor et al., 2005 

blaCTX-M1 CTX-M1-F 876 ATGGTTAAAAAATCACTGCG Batchelor et al., 2005 

 CTX-M1-R  TAAGTGACCAGAATCAGCGG Batchelor et al., 2005 

blaCTX-M2  CTX-M2-F 164 TGGAAGCCCTGGAGAAAAGT Xiong et al., 2007 

 CTX-M2-R  CTTATCGCTCTCGCTCTGTT Xiong et al., 2007 

blaCTX-M9  CTX-M9-F 876 ATGGTGACAAAGAGAGTGCAAC Batchelor et al., 2005 

 CTX-M9-R  TTACAGCCCTTCGGCGATG Batchelor et al., 2005 

Integrons identification  

intI1 Int1-F 892 ATCATCGTCGTAGAGACGTCGG Rosser et al., 1999 

 Int1-R  GTCAAGGTTCTGGACCAGTTGC Rosser et al., 1999 

intI2 Int2-F 467 GCAAATGAAGTGCAACGC Rosser et al., 1999 
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 Int2-R  ACACGCTTGCTAACGATG Rosser et al., 1999 

intI3 Int3-F 760 GCAGGGTGTGGACAGATACG Rosser et al., 1999 

 Int3-R  ACAGACCGAGAAGGCTTATG Rosser et al., 1999 

pGEM insert sequencing   

 M13F  GTAAAACGACGGCCAG  

 M13R  CAGGAAACAGCTATGAC  

 

3.2 Media Preparation 

The ingredients of the culture media are given in Appendix-2. 

3.2.1 Blood Agar 

Thirty nine gram of blood agar base (Oxoid) was suspended in 1 liter of dH2O and 

autoclaved. After autoclaving, 50 ml of horse blood was added to the media at a 

temperature of approximately 45°C (Murray et al., 1999). 

3.2.2 MacConkey Agar 

Fifty gram of MacConkey agar base (Oxoid) was suspended in 1 liter of dH2O and 

autoclaved (Cheesbrough, 2006). 

3.2.3 Chocolate Agar 

Chocolate agar was prepared by dissolving 36 g of GC agar (Oxoid) in 500 ml of dH2O 

which was boiled with repeated stirring. In a separate flask 10 g (2%) of Haemoglobin 

powder (Oxoid) was dissolved in 500 ml dH2O which was boiled with repeated stirring. 

The pH of the media was maintained at 7.2 at room temperature (25°C). 

Sterilized Hemoglobin media was poured aseptically into the flask containing the 

GC media and mixed well. Before using, 10 ml of Iso-Vitalex supplement was added at a 

temperature of approximately 45°C and mixed well (Murray et al., 1999). 

3.2.4 Cystine Lysine Electrolyte Deficient Medium (CLED) 

Thirty eight gram of CLED agar (Oxoid) was suspended in 1 liter of distilled water and 

autoclaved (Cheesbrough, 2006). 

3.2.5 Mueller-Hinton Agar  

Thirty eight gram of Mueller-Hinton agar (Oxoid) was suspended in 1 liter of distilled 

water and autoclaved (Cheesbrough, 2006). 
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3.2.6 Luria-Bertani (LB) Agar 

Fourty gram of LB agar (BD Biosciences) was suspended in 1 liter of distilled water and 

autoclaved (Anderl et al., 2000). 

3.2.7 Luria-Bertani (LB) Broth 

LB liquid contained 1% (w/v), Bacto tryptone (BD Biosciences), 0.5% (w/v) yeast 

extract (Merck) and 0.5% (w/v) NaCl. Prepared LB liquid medium was acquired from the 

Media Preparation Unit, Department of Microbiology and Immunology, University of 

Melbourne, Australia. 

3.2.8 Super Optimal Culture (SOC) Broth 

Prepared SOC broth was acquired from the Media Preparation Unit, Department of 

Microbiology and Immunology, University of Melbourne, Australia. SOC broth 

contained the following: 2% (w/v) tryptone, 0.5% (w/v) yeast extract, 10 mM NaCl, 2.5 

mM HCl (APS Finechem), 10 mM MgCl2 (BDH Laboratory Supplies) and 20 mM 

glucose. 

3.2.9 Transformation & Storage Solution (TSS) Solution 

TSS solution contained the following: LB broth containing 10% (w/v) polyethylene 

glycol, 5% (v/v) dimethyl sulfoxide (DMSO) and 50 mM MgCl2, pH 6.5. 

3.2.10 TSS Enhancement Buffer 

TSS Enhancement Buffer contained 10 mM KCl, 3 mM CaCl2, 5 mM MgCl2.6H2O made 

up in dH2O. 

3.2.11 Ampicillin supplemented media 

Ampicillin (CSL) stock solution (100 mg/ml) was sterilised by passage through 0.2 µm 

pore size filter (Sartorius) and stored at -20°C. When required, LB media was 

supplemented with ampicillin at a concentration 100 µg/ml. 

3.2.12 X-gal Media 

When blue/white selection was employed, LB agar was supplemented with 80 µg/ml 5-

bromo-4-chloro-3-indolyl-β-galactopyranoside (X-gal, Promega).  

3.3 Oxidase Reagent 

Oxidase reagent (Oxide) was prepared by dissolving 0.1g of tetramethyl-p-

phenylenediamine hydrochloride in 10.0 ml of distilled water (Cheesbrough, 2006). 
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3.4 Glycerol Stock 

Glycerol stocks were prepared in 1.5 ml cryovials using 15% glycerol (v/v/) in Brain 

Heart Infusion (BHI) broth. 

3.5 Tris EDTA (TE) Buffer 

Tris EDTA (TE) buffer (1x) contained 10 mM Tris and 1 mM EDTA (pH 8.0).  

3.6 Tris-Acetate-EDTA (TAE) Buffer 

Tris-acetate-EDTA (TAE) buffer contained 0.04 M Tris, 5.7% (v/v) glacial acetic acid 

and 1 mM EDTA (pH 8.0).  

3.7 Agrose Gel 

DNA gels generally contained 1% (w/v) agarose (Biorad) in 1x TAE buffer. Agarose gel 

contained 1:10,000 diluted SYBR Safe (Invitrogen) to permit DNA visualization under 

UV light. 

METHODS 

3.8 Sample Collection 

Various clinical samples including blood, central venous pressure line, cerebrospinal 

fluid, ear swab, endotracheal tube, peritoneal dialysis catheter, pleural fluid, pus, tracheal 

secretion, urine and wound swab collected from various wards of The Children’s 

Hospital & Institute of Child Health, Lahore, Pakistan during May 2010 to February 2012 

were sent for microbiological studies to the Microbiology Department of the hospital. 

The samples were collected consecutively from paediatric patients.  

3.9 Processing of Samples 

The samples were processed for microbiological examination using one or more of the 

suitable media such as Blood, Chocolate, MacConkey and CLED agar. The agar plates 

were incubated overnight at 36 1°C.  

3.10 Identification of Bacteria 

The bacteria were identified using colony morphology, Gram’s stain, biochemical tests, 

API (bioMerieux) 20E (Murray et al., 1999; Washington et al., 2006). Only non-

repetitive K. pneumoniae isolates were included in this study. 
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3.10.1 Colony Morphology 

For the identification of K. pneumoniae, large grey-white colonies on Blood agar, large pink (lactose 

fermenting) colonies from MacConkey agar and yellow mucoid (lactose fermenting) colonies from 

CLED agar were processed for further biochemical tests. 

3.10.2 Gram’s Staining 

A well-isolated colony from the culture plate was emulsified in a drop of sterile dH2O on 

a slide to make a thin preparation. The smear was dried in air and heat-fixed by passing 

over the flame three times. The smear was then covered with crystal violet for 60 seconds 

and washed off with tap water. Then smear was covered with lugol’s iodine for 60 

seconds and washed off with water. Then it was decolourized for few seconds with 

acetone-alcohol (1:1) and washed with water. The smear was counter-stained with 

safranin for 2 minutes and washed with water (Cheesbrough, 2006). The slide was air 

dried and examined using a 100X objective of CX-21 biological microscope (Olympus 

corp.). 

3.10.3 Oxidase Test 

The oxidase test was performed for the preliminary identification of bacterial species 

belonging to the Enterobacteriaceae family. The bacteria were smeared on a piece of pre-

soaked filter paper with few drops oxidase reagent. Bacteria belonging to the 

Enterobacteriaceae family did not develop any colour within 10 seconds of performing 

the test (Cheesbrough, 2006).   

3.10.4 API 20 E 

Analytical Profile index (API) 20E is a set of 21 biochemical tests used to identify 

bacterial members of the Enterobacteriaceae family. A bacterial suspension made 

according to the McFarland 0.5 turbidity standard was inoculated into the dehydrated 

microtubes of the API 20E strip according to the manufacturer’s instructions 

(bioMerieux) and incubated over-night at 36°C. The results of all the biochemical 

reactions were noted and a 7 digit code generated was used to identify the bacterial 

species using API software or an identification manual (Appendix-3). 

3.11 ESBL Screening 

Extended spectrum beta-lactamase (ESBL) screening was performed using antibiotic 

discs of ceftazidime or cefotaxime (Oxoid). K. pneumoniae strains resistant to any of 
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these indicator drugs were considered as ESBL screen positive and were processed 

further for confirmatory tests (Ellen et al., 2008). 

3.12 Collection of Demographic and Clinical Data 

The demographic and clinical data of the screen positive K. pneumoniae was collected 

from Cardiology, Developmental, Gastroenterology, Haematology/Oncology, Medical 

Emergency, Medical ICU, Medical Units, Neonatal Nursery, Nephrology, Neurology, 

Private and Surgery wards of the hospital. This data included information on the gender, 

age, presenting complaints of the patients, interventions used during the stay, previous 

history of antibiotic use, length of hospital stay and outcome of the patients (Appendix-

4). 

3.13 ESBL Confirmation 

A double disc synergy test (DDST) was performed by placing a disc containing 

amoxicillin-clavulanate on an inoculated Mueller-Hinton agar plate at 20 mm distance 

from the ceftazidime and cefotaxime. ESBL production was noted by the clavulanate 

mediated enhancement of the activity of ceftazidime or cefotaxime as a keyhole 

effect. The Clinical and Laboratory Standards Institute (CLSI) confirmatory test for 

ESBL detection was performed by placing cefotaxime and ceftazidime discs alone and in 

combination with cefotaxime-clavulanate and ceftazidime-clavulanate (Oxoid) on an 

inoculated Mueller-Hinton agar plate. The CLSI test using combined discs of cefotaxime-

clavulanate or ceftazidime-clavulanate confirmed ESBL production in K. pneumoniae 

when the inhibition zone of any of the above mentioned cephalosporin increased at least 

≥5 mm in the presence of clavulanate (CLSI, 2009).  

3.14 Control Strains 

American type culture collection (ATCC) strains were used as controls in this study. 

Klebsiella pneumoniae ATCC, 700603 (ESBL-producing isolate) and E. coli ATCC, 

25922 (non-ESBL) were used as positive and negative controls for ESBL production, 

respectively (Niumsup et al., 2008).  

3.15 Antimicrobial Sensitivity Test 

The antimicrobial resistance and susceptibility pattern of K. pneumoniae was determined 

using Kirby-Bauer disc diffusion method (Cheesbrough, 2006). A bacterial suspension 

was made according to the McFarland 0.5 turbidity standard and an even lawn of bacteria 
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made on the Muller-Hinton agar plate. Antibiotic discs were placed on two different agar 

plates using a disc dispenser (Oxoid) and plates were incubated overnight at 35±1°C. The 

antibiotic discs (Oxoid) used in the present study were amikacin, amoxicillin-clavulanate 

acid, aztreonam, cefotaxime, ceftriaxone, ceftazidime, cefpodoxime, 

cefoxitin, cefuroxime, cefepime, ciprofloxacin, gentamicin, imipenem, meropenem, 

piperacillin-tazobactam, tobramycin, trimethoprim-sulfamethoxazole and sulbactam-

cefoperazone. The zone sizes (Appendix-5) of these antibiotics were measured in mm 

and the K. pneumoniae isolates were interpreted as susceptible or resistant according to 

the CLSI manual (CLSI, 2009).   

3.16 Storage and Transportation of ESBL-Producing K. pneumoniae Strains 

The ESBL-producing K. pneumoniae were stored in glycerol stock at -70oC. The ESBL-

producing K. pneumoniae strains were inoculated on the slants of Mueller-Hinton agar 

transported in cryovial boxes to the Microbiological Diagnostic Unit, The University of 

Melbourne, Australia for molecular studies. 

3.17 Molecular Studies 

The analyses of ESBL genes blaTEM, blaSHV and blaCTX-M group were performed after the 

award of a scholarship from Higher Education Commission (HEC) Pakistan under the 

International Research Support Initiative Program (IRSIP). The molecular research work 

was completed during October, 2012 to April, 2013 at the Microbiology and Immunology 

Department, The University of Melbourne, Australia. 

3.17.1 Bacterial Cultures 

The ESBL-producing K. pneumoniae strains were revived by sub-culturing the isolates 

from transported slants to LB agar plates and overnight incubation at 37±1°C.  

3.17.2 Extraction of Plasmid and Genomic DNA or (Preparation of DNA Template 

for PCR) 

The DNA templates were extracted by taking three well isolated colonies of K. 

pneumoniae grown overnight on LB agar and suspending the colonies in 200 µl of TE 

buffer. The turbidity of suspension was adjusted according to the 0.5 McFarland’s 

turbidity standard. The suspension was boiled in a 1.5 ml microcentrifuge tube for 10 

minutes. The lysed bacterial cells were centrifuged at 14000 x g for 5 minutes and the 
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clear supernatant was transferred to a new microcentrifuge tube and stored at -20oC until 

required (Hammond et al., 2008; Barguigua et al., 2011). 

3.17.3 Oligonucleotides 

Synthetic oligonucleotides used for PCR and sequencing (listed in Table 3.2) were 

obtained from GeneWorks. 

3.17.4 Amplification of Genes 

The amplification of genes was performed by polymerase chain reaction (PCR) in a 

Peltier Thermal Cycler (PTC-200) DNA Engine (GeneWorks). The two genes blaTEM and 

blaSHV were amplified using the Phusion High-Fidelity Master Mix (Thermo Scientific). 

The final primer concentration used in the PCR was 0.5 µM. The reactions were 

performed using 2 µl of template, 25 µl 2X Phusion Master Mix, 0.5 µM of forward 

primer, 0.5 µM of reverse primer, 1.5 µl DMSO and ddH2O made total volume of 50 µl. 

The PCR conditions were: initial denaturation for 30 s at 98°C, followed by 30 cycles of 

10 s at 98°C, 30 s at 58°C and 35 s at 72°C, with a final extension for 10 min at 72°C. 

The PCR for blaCTX-M, blaCTX-M-1, blaCTX-M-2 and blaCTX-M-9 group was performed 

using the GoTaq Green Master Mix (Promega). The final primer concentration used in 

the PCR was 0.5 µM. The reactions were performed using 1 µl of template, 12.5 µl 2X 

GoTaq Green Master Mix, 0.5 µM of forward primer, 0.5 µM of reverse primer and 

ddH2O to made the final volume up to 25 µl. The PCR conditions were: initial 

denaturation for 2 min at 95°C, followed by 30 cycles of 30 s at 95°C, 30 s at 56°C and 1 

min at 72°C, with a final extension for 5 min at 72°C. 

PCR for the detection of intI1, intI2 and intI3 genes was also performed using 

GoTaq Green Master Mix (Promega). The final primer concentration used in the PCR 

was 0.5 µM. The reactions were performed using 2 µl of template, 12.5 µl 2X GoTaq 

Green Master Mix, 0.5 µM of forward primer, 0.5 µM of reverse primer and ddH2O to 

made the final volume up to 25 µl. Class 1 and class 2 integrons were detected using the 

multiplex PCR. The PCR conditions for class 1 and class 2 integrons were: initial 

denaturation for 30 s at 95°C, 1 min at 56°C and 3 min at 72°C followed by 29 cycles of 

15 s at 95°C, 30 s at 56°C and 3 min at 72°C, with a final extension for 5 min at 72°C. 

The PCR conditions for class 3 integrons were initial denaturation for 5 min at 95°C, 
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followed by 29 cycles of 2 min at 95°C, 1 min at 57°C and 1.5 min at 72°C, with a final 

extension for 5 min at 72°C. 

3.17.5 Agarose Gel Electrophoresis 

Amplified PCR products were analysed by agarose gel electrophoresis and when required 

mixed with 6x Gel Loading Buffer (New England BioLabs) prior to loading. A 100 bp 

ladder was used to determine the amplicon size and approximate DNA concentration 

(New England BioLabs). Electrophoresis was performed at 90V for 40-45 min. DNA 

products were visualised on a G:Box UV Transilluminator (Syngene). Digital images of 

gels were taken with GeneSnap Version 7.07 software for Windows (Syngene) and 

printed with a Digital Monochrome Printer (Mitsubishi). 

3.17.6 Purification of DNA from Agarose Gel 

When necessary, DNA fragments were excised from agarose gel with a sterile surgical 

blade using a Safe Imager Transilluminator (Invitrogen). The QIAquick Gel Extraction 

Kit (Qiagen) was used to extract and purify DNA from agarose gel according to the 

manufacturer’s instructions. DNA was eluted in 30 µl of Milli-Q and stored at -20°C. 

3.17.7 Purification of DNA from PCR Reaction 

PCR products were cleaned using the Wizard SV PCR Clean-Up System (Promega) 

according to the manufacturer’s instructions. DNA was eluted in 50 µl of Milli-Q and 

stored at -20°C. 

3.17.8 Determination of DNA Concentration 

DNA concentration and sample purity (260/280 ratio) was measured using NanoDrop 

ND-1000 Spectrophotometer and V3.7 software for Windows (Thermo Fisher Scientific). 

3.17.9 Addition of Deoxyadenosine (dATP) to PCR Products 

Where required, dATPs were added to the 3’ ends of blunt-ended PCR products for use in 

TA-vector cloning. Amplified DNA (0.1-2 µg) was mixed with 0.2 mM dATP 

(Promega), 5 U Taq DNA Polymerase (Qiagen) and 10x reaction buffer. The reaction 

was made up to 35 µl with ddH2O and incubated at 72°C for 20 min. PCR fragments 

were subsequently purified prior to TA-vector cloning. 

3.17.10 Ligation of DNA 

PCR fragments were inserted into pGEM-T Easy Vector (Promega), according to the 

manufacturer’s instructions. The ligation reactions were performed using 5 µl 2x rapid 
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ligation buffer, 1 µl T4 DNA ligase (New England BioLabs), 1 µl pGEM-T Easy Vector 

(50 ng) and 3 µl PCR product (approximately 1 kbp insert size). The reaction was 

incubated overnight at 4-16°C. 

3.17.11 TSS Competent Cells 

E. coli DH5α was grown at 37°C in 10 ml LB broth for 3 h to mid-log stage (OD600~0.6). 

Cells were briefly cooled on ice and then harvested by centrifugation at 3,500 × g for 5 

min at 4°C. The supernatant was removed and the cells were resuspended in 800 µl ice-

cold TSS solution (Chung et al., 1989). Cells were kept on ice until required. 

3.17.12 Transformation 

Ligated DNA was mixed with 80 µl of TSS enhancement buffer, 200 µl E. coli cells 

prepared in TSS broth. The mixture was mixed gently and incubated on ice for 20 min 

and then at room temperature for further 20 min. The cells were resuspended in 600 µl of 

LB or SOC medium and incubated at 37°C for 60-90 min on a shaker (180 rpm). A “no 

DNA” negative control was prepared for every transformation experiment. 

3.17.13 Selection of Transformants 

Transformation reactions were cultured on LB agar supplemented with X-gal (80 µg/ml) 

and ampicillin (100 µg/ml) at different dilutions and incubated overnight at 37°C. A 

white, well isolated colony was transferred to a 10 ml LB-ampicillin broth and incubated 

overnight at 37°C on a shaker (180 rpm). 

3.17.14 Extraction of Plasmid 

The Wizard Plus SV Miniprep DNA Purification System (Promega) was used to purify 

plasmid DNA from transformed E. coli strains according to the manufacturer’s 

instructions. Plasmid DNA was eluted in 100 µl Milli-Q and stored at -20°C. 

3.18   DNA Sequencing 

DNA sequencing was performed by Molecular Diagnostics, Centre for Translational 

Pathology, The University of Melbourne, Australia. Nucleotide sequencing was 

performed using Big Dye v3.1 Terminator Mix (Life Technologies). Reactions were 

analysed on an ABI (Applied Biosystems) 3730 DNA analyser. Sequence data were 

viewed and edited using the sequence analysis programme FinchTV 1.4.0 (Geospiza 

Inc.). 
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3.19 Bioinformatics Analyses 

Nucleotide and amino acid studies were performed using the BlastN and BlastP 

programmes available at the National Centre for Biotechnology Information (NCBI) 

website (http://blast.ncbi.nlm.nih.gov/Blast.cgi). ExPASy (SIB Bioinformatics Resource 

Portal) was used as a translation tool (http://web.expasy.org/translate/). The sequence 

features of studied bacterial genes were visualised by Artemis 14.0.0 (Welcome Trust 

Sanger Institute). Multiple nucleotide alignment was performed online 

(http://www.ebi.ac.uk/Tools/msa/clustalw2/) using ClustalW2 programme of The EMBL-

European Bioinformatics Institute (Larkin et al., 2007). Phylogenetic analysis was 

performed using Fig Tree v1.4.0 (Institute of Evolutionary Biology, University of 

Edinburgh). 

3.20 Image Creation and Editing Software 

Data graphs were created using Excel 2007 (Microsoft Corp.) and GraphPad Prism 6.0 

(Graphpad Software). Figures were designed and edited using Adobe Photoshop CS 5.1 

(Adobe Systems). 

3.21 Statistical Analyses 

The statistical analyses were performed using IBM SPSS statistics 20 (IBM corporation) 

and GraphPad Prism 6.0. The tests were two-sided and a p-value of <0.05 was considered 

as significant.  
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RESULTS 
The patients described in this study were admitted to the Children’s Hospital and Institute 

of Child Health Lahore, Pakistan during May 2010 to February 2012.  All patients were 

aged between neonates and 15 years.  Over the 22 months study period, 44,260 patients 

presented with symptoms suspected of bacterial infections, and microbiological testing 

were ordered by the clinicians for them.  

Organism isolated during the study period 

Out of 44,260 patients sampled, 5,475 were tested positive for bacterial infections.  

Bacteria were identified using various culture media and biochemical tests. A total of 34 

bacterial genus/species were detected during this study period. The number of patients 

that were tested positive for these bacteria is summarized in Figure 4.1. The most 

common bacteria isolated during the study period were: E. coli (24.4%), Coagulase 

negative Staphylococci (13.2%), Klebsiella pneumoniae (13.0%), Pseudomonas 

aeruginosa (10.6%), Klebsiella oxytoca (8.4%), Staphylococcus aureus (6.2%), 

Acinetobacter (3.8%), Enterococcus faecalis (2.8%), Citrobacter (2.6%), Streptococcus 

pyogenes (2.3%), Burkholderia cepacia (2.2%), Enterobacter cloacae (2.2%) and 

Salmonella typhi (1.3%). The remaining bacteria isolated are also shown in Figure 4.1 

were very small in number. 

Screening of ESBL producing K. pneumoniae 

During the study period, 710 isolates of K. pneumoniae were isolated from various 

clinical samples. The screening test for the ESBL K. pneumoniae was chosen to exclude 

K. pneumoniae which were not phenotypically resistant to cephalosporin. These isolates 

were further classified into two groups based on ESBL production. ESBL production in 

K. pneumoniae isolates were initially screened on the basis of resistance to ceftazidime. 

K. pneumoniae which failed to resist the ceftazidime were excluded from the study. The 

number of ESBL positive and negative K. pneumoniae isolates were 214 (30.1%) and 

496 (69.9%), respectively (Figure 4.2). The isolates showed positivity to screening test 

were processed for further analyses. 
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Comparison of DDST and CLSI confirmatory tests 

Two additional tests were used to confirm the ESBL producing properties of the isolates 

that were positive from the initial screening.  The two tests were double disc synergy test 

(DDST) and Clinical and Laboratory Standards Institute (CLSI) confirmatory test (Figure 

4.3). Out of the 214 isolates, 213 were confirmed as ESBL producers using the CLSI test, 

whereas only 145 isolates displayed ESBL positivity using the DDST test. It was found 

that CLSI confirmatory test (combined disc of cephalosporin and clavulanate) had 

significantly higher sensitivity (p<0.0001) than DDST test (Table 4.1).  
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Figure 4.1: Percentages of both Gram positive and negative bacteria isolated during 22 months study period (n=5,475). Left pie chart 
shows 98% of bacteria isolated during the study while right pie chart collectively reflects only 2% of the bacteria. 
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Figure 4.2: Frequency of ESBL producing K. pneumoniae by screening method (n=710).  
 
 
 
 
 

 
  
 
Figure 4.3: a) Double disk synergy test (DDST) showing a “keyhole” effect indicated by 
arrow heads with the placement of co-amoxiclav (AMC) in the center surrounded by 
ceftazidime (CAZ), cefepime (FEP), cefuroxime (CXM), ceftriaxone (CRO) and 
aztreonam (ATM). b) CLSI ESBL confirmatory method with ceftazidime (CAZ) and 
cefotaxime (CTX) alone and in combination with ceftazidime-clavulanate (CAZ/CLA) 
and cefotaxime-clavulanate (CTX/CLA). The cephalosporins in combination with 
clavulanate shows an increase in zone size more than 5 mm than alone. 

DDST CLSI 
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Table 4.1: Comparison of DDST and CLSI confirmatory test among the screening 
positive isolates of K. pneumoniae 

Test No. of positive isolates (% of total) 

Ceftazidime resistance 

(Initial Screening) 

214 100 

Double disk synergy test * 145 67.8 

CLSI confirmatory test* 

(combined disk) 

213 99.5 

* The accuracy of the DDST test is significantly lower than that of CLSI test (p<0.0001, 
McNewmar’s test). 
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Age and gender distribution among ESBL positive cases  

All patients infected with ESBL-positive K. pneumoniae strains were between neonate 

age and 15 years. The patients infected with ESBL-producing K. pneumoniae were 

divided into five age groups. The majority of the patients infected with ESBL-producing 

K. pneumoniae were from neonates 82 (38.3%), while there was not much difference in 

number of cases among the other age groups (Figure 4.4). The number of ESBL-

producing K. pneumoniae isolates in male patients were 152 (71.0%), while 62 (29.0%) 

female cases were detected (Figure 4.5). 

Isolation of ESBL producing K. pneumoniae from various wards 

The distribution of ESBL producing K. pneumoniae from various wards of the hospital 

was noted. The highest number of cases were reported from Neonatal Nursery Unit (92 

cases; 43.0%), followed by Nephrology (47 cases; 22.0%), Medical Units (38 cases; 

18.0%) and Medical ICU (10 cases; 5.0%). Lower numbers of ESBL-producing K. 

pneumoniae were isolated from the remaining wards (Figure 4.6). 

Source of ESBL producing K. pneumoniae  

ESBL-producing K. pneumoniae were isolated from various clinical specimens which are 

as follows: 117 (54.7%) blood, 46 (21.5%) urine, 13 (6.1%) endotracheal tube, 13 (6.1%) 

cerebrospinal fluid and 10 (4.7%) peritoneal dialysis catheters. Only few ESBL-

producing K. pneumoniae were isolated from other specimens (Figure 4.7). 

Presenting complaints of patients 

Figure 4.8 shows the presenting complaints of the patients recorded at the time of 

admission. The patients often presented with more than one complaint. Fever (125 

patients; 58.4%) and respiratory distress (104 patients; 48.6%) were the most common 

complaints. The rest of the patients presented with cough (49 patients; 22.9%), inability 

to feed (47 patients; 22.0%), vomiting (46 patients; 21.5%), lethargy (39 patients; 

18.2%), jaundice (36 patients; 16.8%), convulsions/seizures (32 patients; 15%) and 

hypothermia (11 patients; 5.1%). 

Intervention applied in infected patients 

The clinical data of various interventions applied to each patient during the 

hospitalization was noted. Table 4.2 shows that an intravenous line was received by 209 

(97.7%) patients which could be the source of ESBL K. pneumoniae. It was not possible 
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to determine whether other interventions could also be a risk factor in ESBL K. 

pneumoniae transmission, because just about every patient had already received the 

intravenous line intervention, and it cannot be ruled out that these bacteria came from that 

source. Admitted patients also had interventions such as urinary catheters (46 patients; 

21.5%), endotracheal tube (18 patients; 8.4%), lumber puncture (18 patients; 8.4%) and 

peritoneal dialysis catheter (16 patients; 7.5%). The rest of the interventions applied were 

less in number. 

Outcome of patients 

The overall outcome showed that 127 (59.0%) patients were discharged after successful 

treatment. There were 56 (26.0%) mortality cases due to the ESBL K. pneumoniae 

infections. The outcome of 31 (15.0%) patients who left against medical advice (LAMA) 

remained unknown (Figure 4.9). 
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Figure 4.4: Age distribution of patients among ESBL positive cases (n=214). The patients 
were divided in to five age groups. The number of cases in each age group are almost 
similar except for the neonates.  
 
 
 

 
Figure 4.5: Gender distribution of patients among ESBL positive cases (n=214). 
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Figure 4.6: Distribution of ESBL-producing K. pneumoniae (n=214) among the hospital 
wards. The majority of cases (96%) isolated from the wards are shown in left pie chart. 
Right pie chart shows the distibution of ESBL positive cases in only 4.0% of the wards.  
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Figure 4.7: Sources of ESBL-producing K. pneumoniae isolates from infected patients 
(n=214). 
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Figure 4.8: Presenting complaints in patients with ESBL-producing K. pneumoniae 
infections (n=214). Majority of the patients presented with more than one clinical 
complaints. 
 
 
 
 
 
 
Table 4.2: Intervention applied to patients infected with ESBL K. pneumoniae. Some 
patients received more than one interventions 

Interventions* No. of patients received 
interventions  

% 
(n=214) 

Intravenous line 209 97.7 
Urinary catheter 46 21.5 
Endotracheal tube 18 8.4 
Lumber puncture 18 8.4 
Peritoneal dialysis catheter 16 7.5 

Exchange transfusion 6 2.8 
Nasogastric tube 5 2.3 
Surgery 4 1.9 
Central venous pressure line 2 0.9 

Tracheostomy 1 0.50 

*Some patients received more than one intervention 
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 Figure 4.9: Overall outcome for ESBL-producing K. pneumoniae infected patients. 

*LAMA: Left Against Medical Advice 
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Outcome vs. length of stay in hospital 

The average length of stay was approximately same for the discharged patients and those 

who died from the ESBL K. pneumoniae infections. This means longer stay at the 

hospital does not necessarily a greater risk of mortality. However, the ESBL K. 

pneumoniae infections can be a reason for the longer stay because they are difficult to 

treat. There was no significant correlation (p=0.1396) found between length of stay and 

mortality. The outcome of the LAMA patients was unknown so that group was excluded 

from this analysis (Figure 4.10). 

Mortality vs. age and gender 

The outcome of the patients in relation to the age group showed that the K. pneumoniae 

infecting the neonatal group has a significantly higher trend of mortality than the older 

age groups (p=0.0140). There were 28 (41.2%) cases of mortality among the neonates 

which is a higher number than the other age groups (Figure 4.11). The outcome of the 

patients in both sexes showed that there was no significant difference (p=1.0000) 

between the two genders (Figure 4.12). 

Source vs. mortality 

The mortality of the patients was noted in relation to the source (specimen) of ESBL K. 

pneumoniae. The Δp values were calculated by comparing the observed mortality rate in 

the specimen group to the overall mortality rate shown in the last row of the table 4.3, 

using a Binomial test.  The statistical test was only applied to specimen groups that has a 

sample size at or greater than 10. The p value for urine is 0.003 which shows that the 

patients who developed UTI were less likely to have high mortality rate. Fisher’s exact 

test was used to calculate the *p value of two groups; blood and urine (*p=0.0005) which 

showed that the mortality rate was high among the patients with septicemia (Table 4.3). 

Mortality vs. presenting complaint 

The rate of mortality was compared in relation to various presenting complaints of the 

patients. Respiratory distress symptoms were significantly [odds ratio (OR) 2.94, 95% 

confidence interval (CI) 1.52-5.72, p=0.0013] associated with mortality. There was no 

significant relationship in mortality among the patients with other presenting complaints 

(Table 4.4). 
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Figure 4.10: Length of stay for K. pneumoniae infected patients with known outcome 
(n=183). Mean ± 95% Confidence Interval is shown. The length of stay was compared 
between the two groups using Mann-Whitney U test. 
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Figure 4.11: Mortality of patients in relationship to various age groups. A trend in 
mortality was significantly higher in neonates (p=0.0140 by Chi-square test) than the 
other age groups.  
 
 
 
 

 
Figure 4.12: Mortality of patients among both the genders (p=1.0000 by Fisher’s exact 
test). No significant association found between the mortality and age. 
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       Table 4.3: Mortality rate in relation to the source of ESBL K. pneumoniae 

Specimen 
No of deaths/total no. 
of samples 
(% mortality)

Δp=value 

Blood 38/97 (39.2) 0.077 
0.003 

*p=0.0005 
Urine 4/40 (10.0) 
CSF 3/13 (23.1) 0.766 
ETT 5/10 (50.0) 0.187 
PD catheter 2/9 (22.2) 
Tracheal Secretions 2/4 (50.0) 
Pus 1/3 (33.3) 
CVP tip 1/2 (50.0) 
Wound swab 0/2 (0.0) 
Ear swab 0/2 (0.0) 
Pleural fluids 0/1 (0.0) 
Total 56/183 (30.6) 

       Fisher’s exact test is used to calculate p value 
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Table 4.4: Mortality associated with each presenting complaint 

*Fisher’s exact test was used to calculate p value. 

OR= Odds Ratio; 95% CI= 95% Confidence Interval 

Presenting 
Complaint 

No. of deaths/no. of episodes 
(% mortality) 

OR (95% CI) p-value* 

Fever 27/107 (25.2)    
No fever 29/76 (38.2) 0.54 (0.30 to 1.03) 0.0739 
     
Vomiting 8/42 (19.0)    
No vomiting 48/141 (34.0) 0.50 (0.20 to 1.06) 0.0854 
     
Lethargy 10/32 (31.3)    
No lethargy 46/151 (30.5) 1.03 (0.50 to 2.40) 1.0000 
     
Convulsion/seizures 7/27 (25.9)    
No convulsion/seizures 49/156 (31.4) 0.84 (0.30 to 1.93) 0.6558 
     
Cough 8/40 (20.0)    
No cough 48/143 (33.6) 0.54 (0.21 to 1.20) 0.1216 
     
Respiratory distress 38/91 (41.8)    
No respiratory distress 18/92 (19.6) 2.94 (1.52 to 5.72) 0.0013 
     
Hypothermia 3/7 (42.9)    
No hypothermia 53/176 (30.1) 1.74 (0.40 to 8.10) 0.4391 
     
Inability to feed 15/40 (37.5)    
No inability to feed 41/143 (28.7) 1.53 (0.72 to 3.1) 0.3326 
     
Jaundice 10/29 (34.5)    
No jaundice 46/154 (29.9) 1.23 (0.53 to 2.93) 0.6626 
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Antibiotic resistance profile of ESBL K. pneumoniae 

The antimicrobial resistance pattern of 214 strains of ESBL producing K. pneumoniae 

was determined against various groups of antibiotics using the Kirby-Bauer disc diffusion 

method. A dendrogram showing resistance of ESBL K. pneumoniae among all the cases 

is shown in red and susceptibility is shown in black. This shows the number of antibiotics 

to which each isolate of K. pneumoniae was resistant and it was found that the majority 

of the strains were multidrug resistant. The name of the antibiotics are shown from top to 

bottom while the sample numbers are given along x-axis (Figure 4.13). 

Eighteen antibiotics were used to determine the resistance profile of bacteria. All 

of the ESBL K. pneumoniae were resistant to ceftazidime, ceftriaxone, cefotaxime and 

cefuroxime. Bacterial isolates also showed antibiotic resistance to other cephalosporins, 

which include 210 (98.1%) with cefpodoxime and 171 (79.9%) with cefepime. Only 41 

(19.2%) isolates were resistant to cefoxitin. Among the aminoglycosides, 164 (76.6%) 

isolates were resistant to amikacin, 201 (93.9%) isolates were resistant to gentamicin and 

199 (93.0%) isolates were resistant to tobramycin. The number of ESBL-producing K. 

pneumoniae strains resistant to aztreonam and ciprofloxacin were 192 (89.7%) and 96 

(44.9%), respectively. Only one (0.5%) isolate showed resistance to carbapenems; 

imipenem and meropenem. The number of isolates displaying resistance to sulbactam-

cefoperazone and piperacillin-tazobactam were 13 (6.1%) and seven (3.3%), respectively. 

The number of bacterial strains resistant to co-trimoxazole were 207 (96.7%) and 212 

(99.1%) isolates were resistant to co-amoxiclav (Table 4.5). 

History of antibiotic use 

The number of antibiotics to which K. pneumoniae were resistant in each patient were 

compared in patients with (n=67) or without (n=147) history of antibiotic use in the last 

three months. A total of 18 antibiotics were tested on each isolate. It was found that there 

was no significant difference (p=0.5298) between the patients with or without last three 

months use of antibiotics (Figure 4.14). 

Amplification of the genes 

The bla genes (SHV, TEM and CTX-M) which encode for the ESBL production were 

detected using PCR. Amplification of the bla genes was done with specific primers as 

mentioned in materials and methods chapter. Full length amplification of blaSHV and 
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blaTEM (861 nucleotide each) genes was performed to use the product for DNA 

sequencing. The amplified genes were detected with agarose gel electrophoresis using 

100bp ladder. DNA fragments of approximately 1kb were amplified using the specific 

pairs of primers for each gene. A negative control (no template) was included with each 

gene (Figure 4.15). The results of the PCR amplification of the genes showed the 

presence of SHV in 213 (99.5%) isolates, TEM in 199 (93.0%) isolates and CTX-M-1 in 

212 (99.0%) isolates. For CTX-M; CTX-M-1, CTX-M-2 and CTX-M-9 pairs of primers 

were used. All of the detected CTX-M genes belonged to CTX-M-1 group (Figure 4.16). 

 The intI genes which can carry a cassette of antibiotic resistant ESBL and non-

ESBL genes were also detected using PCR. Amplification of the intI genes was done 

with specific primers as mentioned in materials and methods chapter. The amplified 

genes were detected with agarose gel electrophoresis using 100bp ladder. A negative 

control (no template) was included with each gene. The intI1 (amplicon size; 892bp) and 

intI2 (amplicon size; 467bp) were detected using multiplex PCR with specific pairs of 

primers while intI3 (amplicon size; 760bp) was detected separately with specific pair of 

primers (Figure 4.17). The intI1 gene was detected from 203 (94.9%) isolates and 3 

(1.4%) of these isolates also had intI2 gene. The intI3 gene was isolated from 2 (0.9%) 

isolates without the presence of any other type of integron (Table 4.6).  
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Figure 4.13: Demonstration of antibiotic resistance in each case of ESBL-producing K. pneumoniae. Red boxes indicate the K. pneumoniae resistance to 
antibiotics; black boxes indicate susceptibility to antibiotics. Antibiotics used from top to bottom ceftazidime (CAZ), ceftriaxone (CRO), cefotaxime 
(CTX), cefuroxime (CXM), co-trimoxazole (SXT), cefoxitin (FOX), imipenem (IPM), meropenem (MEM), co-amoxiclav (AMC), cefpodoxime (CPD), 
ciprofloxacin (CIP), aztreonam (ATM), amikacin (AK), cefepime (FEP), gentamicin (CN), tobramycin (TOB), sulbactam-cefoperazone (SCF) and 
piperacillin-tazobactam (TZP). The sample numbers are shown along x-axis. 



78 
RESULTS  

 
 

 
         Table 4.5: In vitro antibiotic resistance and susceptibility profile of ESBL K. pneumoniae 
         determined by Kirby-Bauer disc diffusion method (n=214) 

Antibiotic  Resistance % Susceptibility % 
Cephalosporins (Beta-lactam agents) 
Ceftazidime 214 100.0 0 0.0 
Ceftriaxone 214 100.0 0 0.0 
Cefotaxime 214 100.0 0 0.0 
Cefuroxime 214 100.0 0 0.0 
Cefpodoxime 210 98.1 4 1.9 
Cefepime 171 79.9 43 20.1 
Cephamycins 
Cefoxitin 41 19.2 173 80.8 
Aminoglycosides 
Amikacin 164 76.6 50 23.4 
Gentamicin 201 93.9 13 6.1 
Tobramycin 199 93.0 15 7.0 
Monobactam 
Aztreonam 192 89.7 22 10.3 
Quinolones (Fluoroquinolones)
Ciprofloxacin 96 44.9 118 55.1 
Carbapenems 
Imipenem 1 0.5 213 99.5 
Meropenem 1 0.5 213 99.5 
Sulfonamide and Trimethoprim 
Co-trimoxazole 207 96.7 7 3.3 
Other combinations 
Co-amoxiclav 212 99.1 2 0.9 
Sulbactam-cefoperazone 13 6.1 201 93.9 
Piperacillin-tazobactam 7 3.3 207 96.7 
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Figure 4.14: History of antibiotic use compared to the number of resistant antibiotics in 
each isolate. Mann-Whitney U test was used to calculate p value. Mean ± 95% 
Confidence Interval is shown. 
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Figure 4.15: Agarose gel electrophoresis pattern of blaSHV, blaTEM and blaCTX-M-1 genes. A 
100bp ladder was included to approximate the size of the genes. NC: a negative control 
(no template) was also included with each run. 

 
Figure 4.16: Molecular characterization of blaSHV, blaTEM and blaCTX-M-1 in K. 
pneumoniae isolates (n=214). More than one bla genes were present in most of the 
isolates. 
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Figure 4.17: Detection of intI1, intI2 and intI3 genes among the K. pneumoniae isolates. 
A 100bp ladder was included to approximate the size of the genes. NC: a negative control 
(no template) was also included with each run. 
 
 
 
 

 
Table 4.6: Frequency distribution of integrons in K. pneumoniae (n=214) 

Integron No. % 

intI1 203 94.9 

intI2 3 1.4 

intI3 2 0.9 

 



82 
RESULTS  

 
 

DNA sequencing results 
DNA sequencing of blaTEM and blaSHV genes was performed to see the variants of the 

genes. Nucleotide and amino acid sequences were aligned with that of wild type and 

amino acid substitutions were examined for the mutations. It was found that all of the 

detected TEM amplicons were of TEM-1 β-lactamases. There were different variants of 

SHV found in amplicons on the basis of DNA sequencing. The K. pneumoniae strains 

which carried blaSHV genes harboured 43 (20.2%) SHV-1, 67 (31.5%) SHV-11, 11 

(5.2%) SHV-12, 41 (19.2%) SHV-28, 4 (1.9%) SHV-42, 3 (1.4%) SHV-27 and 1 (0.5%) 

SHV-110. OKP-B beta-lactamases identified were 43 (20.2%) with several mutations 

(Table 4.7). 

 Bioinformatics tools used to cluster the sequences of SHV showed that there was 

an evolutionary relationship between the variants. Dendrogram shows sequences that 

formed 3-4 discrete clusters. The dendrogram also shows an outlier group denoted by “R” 

which are OKP-B beta-lactamases. They are different from other groups by having 

several mutation in the gene (Figure 4.18). 
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Table 4.7: Amino acid substitutions of SHV β-lactamases found in clinical isolates of K. 
pneumoniae on the basis of DNA sequencing results (n=213) 

SHV Type Number (%) 
Amino acid substitutions 

  position                         substitution 

SHV-1 43 (20.2) Wild type 

SHV-11 67 (31.5) 35 Leu to Glu 

SHV-12 11 (5.2) 
35 
238 
240 

Leu to Glu 
Gly to Ser 
Glu to Lys 

SHV-28 41 (19.2) 7 Tyr to Phe 

SHV-42 4 (1.9) 
25 
129 

Ala to Ser 
Met to Val 

SHV-27 3 (1.4) 156 Gly to Asp 

SHV-110 1 (0.5) 
35 
156 

Leu to Glu 
Gly to Asp 

OKP-B beta-lactamase 43 (20.2) 
Evolved from common ancestor millions 
of years ago with several mutations 
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Figure 4.18: Dendrogram of K. pneumoniae isolates showing evolutionary relationship of 
SHV β-lactamases. The clustered scales indicate the percentages of genetic similarity 
except an outlier group R. 
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DISCUSSION 
The isolation and identification of bacterial pathogens is important for diagnostic, 

therapeutic and infection control purposes. Most of the bacterial infections are caused by 

Gram negative bacteria including K. pneumoniae. K. pneumoniae is an important 

pathogen isolated from both community and hospital-acquired infections. In this study, 

the overall culture positivity from various samples was 12.4% with the isolation of both 

Gram positive and negative bacteria. Amongst the Gram negative bacteria there were 

24.4% E. coli and 13.0% K. pneumoniae. The frequency of bacteria remained different 

from various samples in different studies. K. pneumoniae remained a common 

microorganism responsible for various infections among hospitalized patients (Khan et 

al., 2010). Another study conducted at the National Institute of Health, Islamabad, 

Pakistan, reported 35.0% E. coli and 25.0% K. pneumoniae isolated from various clinical 

samples (Shah et al., 2002). A survey from Southwestern Nigeria also reported 49.2% E. 

coli and 25.0% K. pneumoniae from nosocomial infections (Hasan et al., 2012). E. coli 

and K. pneumoniae are two of the most frequently isolated nosocomial pathogens around 

the world, which was also observed in this study. 

 The total number of extended-spectrum β-lactamase (ESBL) producing K. 

pneumoniae initially identified on the basis of screening was 214 (30.1%) out of 710 K. 

pneumoniae isolates. A significant increase in ESBL K. pneumoniae was noted during 

2002-2007 in a study conducted in Aga Khan University Hospital Karachi, Pakistan 

(p<0.0001) (Khan et al., 2010). Riaz et al. (2012) reported 26.1% ESBL K. pneumoniae 

isolated from various specimens in Lahore, Pakistan. A very high number of ESBL K. 

pneumoniae (70.0%) were isolated from Pakistan Institute of Medical Sciences (Shah et 

al., 2003). Another study reported 59.2% of ESBL K. pneumoniae collected from various 

hospitals in Iran (Ghaforian et al., 2011). Sarojamma and Ramakrishna (2011) reported 

17.0% prevalence of ESBL K. pneumoniae from India. The frequency of ESBL K. 

pneumoniae differs all over the globe depending upon the infection control measures. 

The frequency of ESBL K. pneumoniae in the present study is relatively high. 

 Comparison of DDST and CLSI confirmatory methods for the detection of ESBL 

K. pneumoniae showed significantly better results with CLSI confirmatory (p<0.0001). 
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The 69 isolates missed by DDST were detected by CLSI confirmatory test. A study 

conducted in Kashmir-India compared DDST and CLSI confirmatory test for the ESBL 

producing strains of K. pneumoniae. A total of 92 ESBL K. pneumoniae strains were 

reported on the basis of screening. DDST showed ESBL production in 32 (34.8%) 

isolates whilst 72 (78.3%) isolates were detected using CLSI confirmatory test (Ahmad et 

al., 2010). A study from India detected 122 (90.0%) isolates of ESBL K. pneumoniae on 

the basis of DDST while CLSI confirmatory test detected all of the 135 (100%) screening 

positive isolates as ESBL producers (Dalela, 2012). Dhara et al. (2012) reported 75.0% 

of ESBL screening positive K. pneumoniae using DDST and 85.4% with CLSI 

confirmatory test. In the present study, the CLSI test missed only single isolate while a 

keyhole effect using DDST was not seen in many of the isolates which were positive for 

ESBL screening. Use of ceftazidime and cefotaxime alone and in combination with 

clavulanic acid disc was found to be the best option following initial screening for the 

phenotypic characterization of ESBL K. pneumoniae. The quality of CLSI confirmatory 

test found to be better than DDST so CLSI confirmatory test can be used alone to 

phenotypically characterize ESBL K. pneumoniae following screening. 

 Khan et al. (2010) conducted a study on the emergence of ESBL producing K. 

pneumoniae infections at Agha Khan University Hospital Karachi, Pakistan. They 

observed that most of the ESBL K. pneumoniae infections occurred in patients under the 

age of 10 years, with the maximum number of cases among the neonates. Male patients 

were more affected than female patients. The mean age of the patients infected with 

ESBL K. pneumoniae infections is under 5 years with more males than females (Kim et 

al., 2002). Another study has also reported the higher incidence of ESBL K. pneumoniae 

infections among males (Tumbarello et al., 2006). Reports from various developed and 

developing countries showed a higher incidence of ESBL K. pneumoniae among 

neonates (Gupta, 2002; Demir et al., 2008). However, in few of the studies the incidence 

of ESBL K. pneumoniae infections were slightly higher in females (Riaz et al., 2012; 

Mosqueda-Gomez et al., 2008). In this study, ESBL K. pneumoniae infections were more 

common in neonates. The data shows that majority of ESBL positive cases were found in 

male gender. These findings are in accordance with many other previous studies. The 

observation that neonates are more susceptible to infections could be due to less 
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developed immune response. This could means that host immunity to K. pneumoniae is 

compromised in the first few months of life. However, as children reach one year of age 

it seems that they have developed immune mechanisms to control K. pneumoniae just as 

well as later in their childhood. The other reason could be the handling of neonates by the 

staff nurses in the paediatric hospital and ESBL K. pneumoniae could be transmitted by 

the hands of the staff. The total number of male and female patients who visited the 

hospital during the study period is unknown. There is no scientific reason why the males 

were more infected with ESBL K. pneumoniae infections. K. pneumoniae infections are 

not gender associated but it may be possible that overall more of the male children visited 

the hospital during the study period. There might be the reason that male children are 

more privileged and considered as precious in Asian society and the parents brought them 

to hospital more quickly than female patients. 

 ESBL K. pneumoniae strains were isolated from various wards of the hospital. 

The highest number of cases were found in the neonatal nursery unit (43.0%), nephrology 

ward (22%.0) and medical units (18.0%). Khan et al. (2010) studied the outbreaks of 

ESBL- producing K. pneumoniae infections and concluded that majority of these 

infections occurred among the children from neonatology ward. Another study from 

Brazil also reported the outbreaks of ESBL-producing K. pneumoniae from neonatal 

nursery unit. It was found that 22.5% of the neonates admitted during the three months 

period were colonised with ESBL-producing K. pneumoniae (Cassettari et al., 2009). 

Other studies reported the incidence of ESBL-producing K. pneumoniae from intensive 

care units, neurosurgery, pulmonary internal medicine, general medicine and clinic of 

anesthesiology (Jeong et al., 2005; Hadzic et al., 2012). The handling of neonates with 

contaminated hands could be a reason for the higher number of cases in the present study. 

Urinary tract infections and catheterization might be the reason for the spread of ESBL 

producing K. pneumoniae in the nephrology ward. ESBL K. pneumoniae strains were 

predominantly isolated from patients with bacteremia and septicemia followed by urinary 

tract infections. These results are supported by many other studies where they found the 

highest occurrence of ESBL K. pneumoniae in blood followed by urine samples (Khan et 

al., 2010; Ahmad et al., 2010). Another study from Spain reported the incidence of 

40.0% ESBL K. pneumoniae from blood samples (Pena et al., 1998). 
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 The most frequent presenting complaints noted during the study were fever 

(58.4%) and respiratory distress (48.6%). Kim et al. (2002) described presenting 

complaints of shock, hypothermia, neurologic dysfunction and respiratory distress in 

patients suffering from ESBL K. pneumoniae infections. Another study reported septic 

shock as a major presenting complaint (Kang et al., 2004). Presenting complaints with 

ESBL K. pneumoniae infections are not specific and may vary in different studies. Fever 

is one of the presenting complaints associated with bacterial infections. Most of the 

affected cases in the present study were of neonates in which respiratory distress is the 

prominent presenting complaint. 

 The demographic data of the present study showed that 97.7% patients had 

intravenous lines, 21.5% had urinary catheters, 8.4% had endotracheal tubes and 8.4% 

had lumber punctures. These interventions were most common and were given to the 

patient during their hospital stay. Rodriguez et al. (2004) reported that the interventions 

associated with the spread of ESBL K. pneumoniae infections were surgeries and urinary 

catheters (26.1% each) and mechanical ventilation in 13.0% cases. Another study 

reported that ESBL K. pneumoniae cases were associated with central venous catheters 

(91.1%), urinary catheters (88.6%), surgeries (83.5%), nasogastric tubes (70.9%) and 

tracheostomy (46.8%) (Prospero et al., 2010). Mosqueda-Gomez et al. (2008) observed 

that the interventions in ESBL K. pneumoniae patients included central venous catheters 

(76.5%), endotracheal tube (70.6%), urinary catheters (70.6%), nasogastric tube (35.3%), 

arterial catheter (29.4%) and surgery (23.5%). Intravenous lines was most likely the 

source of ESBL K. pneumoniae in the present study. Because the vast majority of patients 

had this intervention, it was not possible to determine whether other interventions could 

also be a risk factor in K. pneumoniae transmission, because just about every patient 

already received the intravenous line and it cannot be ruled out that the K. pneumoniae 

came from the intravenous lines. Interventions such as intravenous lines, catheters and 

other invasive devices can be a source of ESBL K. pneumoniae infections if strict aseptic 

measures are not implemented during their application. 

 The outcome of patients in the present study showed 26.0% mortality while the 

fate of 15.0% cases who left against medical advice (LAMA) remained unknown. Ariffin 

et al. (1999) compared the mortality rate of ceftazidime resistant and sensitive K. 
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pneumoniae among children with febrile neutropenia. They reported 50.0% mortality in 

patients who were infected with ceftazidime resistant K. pneumoniae strains which was 

13.0% in case ceftazidime sensitive K. pneumoniae. Tumbarello et al. (2007) observed 

41.7% mortality among patients who had an ESBL K. pneumoniae infection. Similar 

results were found in other studies where the rate of mortality with ESBL K. pneumoniae 

infection was high (Kang et al., 2004; Mosqueda-Gomez et al., 2008). The mortality rate 

in the present study was also very high. There is a chance that further mortalities could 

have occurred among the LAMA patients. 

 Mortality of the patients was compared with that of other factors such as length of 

stay in hospital, age, gender, source and presenting complaints versus mortality. The 

duration of stay was compared among the patients who died because of ESBL K. 

pneumoniae infection and were discharged. There was no significant difference between 

the two groups. Mosqueda-Gomez et al. (2008) also reported no significant difference 

between the mortality and the length of hospital stay. There was no significant difference 

in mortality between both the genders, however a significant higher trend of mortality 

was seen among the neonates. The K. pneumoniae infected neonatal group had a 

significantly higher mortality rate than the older age groups, (p=0.0140 using Chi-square 

test). Host immunity to K. pneumoniae is compromised in first few months of life, and 

this age group is most susceptible to K. pneumoniae infections. However, as children 

reach over one year of age it seems that they develop mechanisms to control K. 

pneumoniae. A higher incidence of ESBL K. pneumoniae infections occur among 

neonates (Gupta, 2002; Demir et al., 2008). The majority of the mortalities occurred 

among the patients who had bacteremia. This finding is also supported by another study 

where the majority of the mortalities occurred among patients who had blood stream 

infections (Mosqueda-Gomez et al., 2008). Tumbarello et al. (2007) reported male sex, 

chronic liver disease, dialysis, diabetes, neutropenia, surgery and previous hospitalization 

as risk factors for the mortality. Kang et al. (2004) reported that majority of mortality 

cases related to peritonitis, however few of the patients died because of pneumonia. 

Respiratory distress remained a significant presenting complaint associated with a high 

number of mortalities in the present study. 
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 The emergence of multidrug resistant bacteria is a serious concern in both 

developed and developing countries. Pakistan is a developing country where only few 

studies on antibiotic resistance of ESBL K. pneumoniae have been conducted so far. This 

is the first study that has a particular focus on the antibiotic resistance profile of ESBL 

producing K. pneumoniae isolated from paediatric patients. Various groups of antibiotics 

were used to study the spectrum of K. pneumoniae resistance. All of the ESBL K. 

pneumoniae in the present study were 100% resistant to commonly used cephalosporins 

such as ceftazidime, ceftriaxone, cefotaxime, cefuroxime and 98.1% resistant to 

cefpodoxime. The isolates showed 79.9% resistance to 4th generation cephalosporin 

(cefepime) while 19.2% resistance was seen with cephamycin (cefoxitin). Similar results 

were reported by another local study from Pakistan where ESBL K. pneumoniae showed 

82.5% to 100% resistance to cephalosporins (Amin et al., 2009). Mshana et al. (2009) 

reported 95.0% resistance of ESBL isolates to cefepime. Subha and Ananthan (2002) also 

reported the same level of ESBL K. pneumoniae antibiotic resistance to cephalosporins at 

the Institute of Child Health and Hospital for Children Chennai, India. ESBL K. 

pneumoniae in their study were resistant to ceftazidime and cefuroxime (100% each), 

ceftriaxone (90.0%) and cefotaxime (80.0%). A comparatively low antibiotic resistance 

of ESBL K. pneumoniae to cephalosporins was seen in a study from Portugal. The 

isolates were resistant to ceftazidime (77.8%), cefuroxime (55.6%), ceftriaxone (14.8%), 

cefepime (14.8%) and cefotaxime (7.4%). None of the ESBL K. pneumoniae were found 

to be resistant to cefoxitin and 51.9% isolates were resistant to aztreonam (Mendonca et 

al., 2009). Al-Zahrani and Akthar (2005) also reported the least susceptibility of ESBL K. 

pneumoniae to cephalosporins including cefpodoxime. ESBL K. pneumoniae in the 

present study showed 89.7% resistance to monobactams (aztreonam). Aztreonam and 

ceftazidime antibiotic disks are equal in the detection of ESBL K. pneumoniae strains. 

Only 19% of ESBL K. pneumoniae isolates were susceptible to aztreonam (Jacoby and 

Han, 1996). Ahmad et al. (2010) analysed the resistance profile of ESBL K. pneumoniae 

against various antibiotics and found 100% resistance to aztreonam and greater than 

90.0% resistance to 3rd and 4th generation cephalosporins. 

 The ESBL producing strains are resistant to the other groups of antibiotics in 

addition to cephalosporins due to the presence of plasmids that also encode antibiotic 
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resistant genes to aminoglycosides, co-trimoxazole and quinolones (Jacoby and Sutton, 

1991). The ESBL isolates in the present study showed high level antibiotic resistance to 

aminoglycosides (amikacin, gentamicin and tobramycin) and combination of sulfonamide 

and trimethoprim (co-trimoxazole). The isolates showed less resistance to amikacin 

(76.6%) compared to co-trimoxazole (96.7%), gentamicin (93.9%) and tobramycin 

(93.0%). An intermediate level resistance (44.9%) was seen against quinolones 

(ciprofloxacin) in the present study. Similar results were found in a study from India 

where ESBL K. pneumoniae showed 91.9% resistance to gentamicin and 44.6% 

resistance to ciprofloxacin, while 77.0% resistance was seen with co-trimoxazole (Ahmad 

et al., 2010). Jabeen et al. (2005) studied the antibiotic resistance profile of ESBL strains 

from Agha Khan University Hospital, Pakistan and reported resistance to amikacin 

(15.0%), gentamicin (66.0%) and co-trimoxazole (77.0%). An Italian study reported less 

resistance to ESBL K. pneumoniae against amikacin (8.6%), gentamicin (31.1%) and co-

trimoxazole (44.8%) while ciprofloxacin (46.5%) showed the same level of resistance as 

the present study (Tumbarello et al., 2007). Similar results have also been reported in 

another study (Tumbarello et al., 2006). Al-Zahrani et al. (2005) also observed less 

resistance in ESBL K. pneumoniae strains against gentamicin (11.1%), amikacin (16.7%) 

and ciprofloxacin (16.7%). Co-amoxiclav in this study failed to produce good in vitro 

susceptibility results against ESBL K. pneumoniae. The antibiotic resistance against co-

amoxiclav (99.1%) was very high. Some other studies reported 33.7% and 44.9% 

antibiotic resistance against co-amoxiclav (Tumbarello et al., 2006; Tumbarello et al., 

2007) while Al-Zahrani et al. (2005) observed 62.0% resistance against co-amoxiclav. 

ESBL K. pneumoniae showed variable level of antibiotic resistance in different studies. 

In the present study, aminoglycoside, co-trimoxazole and co-amoxiclav failed to emerge 

as a good choices of antibiotic treatment for ESBL K. pneumoniae infections. However, 

the ciprofloxacin presented intermediate results. 

 Piperacillin-tazobactam and sulbactam-cefoperazone in this study were found to 

be a better choice of treatment for ESBL K. pneumoniae infections. The isolates showed 

3.3% antibiotic resistance to piperacillin-tazobactam and 6.1% resistance to sulbactam-

cefoperazone. A local study from Pakistan reported 7.0% antibiotic resistance of ESBL 

K. pneumoniae to piperacillin-tazobactam (Khan et al., 2010). Al-Zahrani and Akthar 
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(2005) reported that 11.1% of ESBL K. pneumoniae isolates displayed resistance to 

piperacillin-tazobactam. Few studies reported a higher resistance level of ESBL K. 

pneumoniae with piperacillin-tazobactam. Some of the studies reported a higher 

antibiotic resistance of 41.7% and 36.2% by ESBL K. pneumoniae to piperacillin-

tazobactam (Tumbarello et al., 2006; Tumbarello et al., 2007). Sarojamma and 

Ramakrishna (2011) reported 38.0% antimicrobial resistance of ESBL K. pneumoniae to 

sulbactam-cefoperazone. A study from India also reported a higher antibiotic resistance 

of 33.0% of ESBL K. pneumoniae to sulbactam-cefoperazone (Patankar et al., 2012). In 

general, piperacillin-tazobactam and sulbactam-cefoperazone were less resistant against 

ESBL K. pneumoniae in the present study in contrast to other studies where they were 

found to be less effective. 

 Carbapenems (imipenem and meropenem) are the drugs of choice for the 

treatment of ESBL producing K. pneumoniae (Livermore and Woodford, 2004). Only 

0.5% isolates were resistant to each of imipenem and meropenem in the present study. 

Ahmad et al. (2010) found that that none of the ESBL producing K. pneumoniae strains 

were resistant to imipenem. Al-Zahrani and Akthar (2005) reported 5.6% ESBL 

producing K. pneumoniae were resistant to meropenem. A study conducted at the 

Pakistan Institute of Medical Sciences Islamabad reported 7.5% antibiotic resistance of 

ESBL K. pneumoniae to each of meropenem and imipenem (Amin et al., 2009). None of 

the ESBL K. pneumoniae were found to be resistant to meropenem and imipenem in two 

other studies (Tumbarello et al., 2006; Tumbarello et al., 2007). In this study, ESBL K. 

pneumoniae were not only associated with cephalosporins resistance but they also 

conferred very high antibiotic resistance to other classes of antibiotics such as 

aminoglycosides, co-trimoxazole and quinolones. Imipenem and meropenem remained 

the drugs of choice for the treatment of ESBL K. pneumoniae infections. The data of 

patients with or without previous use of antibiotics was studied. The number of 

antibiotics resistant to ESBL K. pneumoniae in both the groups had no significant 

difference in this study (p=0.5298). There is no data found in relation to the resistant 

ESBL K. pneumoniae and previous use of antibiotics. However, it was found in another 

study that the majority of the ESBL K. pneumoniae positive patients (79.0%) had a 

previous history of three months antibiotic use (Mendelson et al., 2005). Kim et al. 



  93 
DISCUSSION 

 
 

(2002) also reported the use of antibiotics during the last one month in 71.0% patients 

found to be infected with ESBL K. pneumoniae. 

 All the variants of SHV and TEM genes are derived from their non-ESBL 

precursor of SHV-1 and TEM-1 while the CTX-M enzymes do not have any non-ESBL 

precursor. In the present study 99.5% blaSHV, 93.0% blaTEM and 99.0% blaCTX-M genes 

were detected. This is the first study on paediatric patients of Pakistan that has reported 

the molecular characterization of TEM, SHV and CTX-M genes from clinical isolates of 

K. pneumoniae. Al-Agamy et al. (2009) detected 97.3% SHV, 84.1% TEM and 34.1% 

CTX-M from the clinical isolates of K. pneumoniae. Another study reported the 

occurrence of 90.0% SHV, 87.7% TEM and 23.3% CTX-M genes. CTX-M genes were 

isolated more frequently in the present study, suggesting greater involvement of CTX-M 

genes in ESBL production in K. pneumoniae. 

All of the TEM genes isolated in this study were wild type TEM-1 β-lactamases. 

None of the isolates carried mutations responsible for TEM type ESBL production. ESBL 

production in clinical isolates of K. pneumoniae detected in the present study was not 

because of TEM enzymes. Similar results were reported by Niumsup et al. (2008) who 

isolated 73.0% TEM-type β-lactamases in K. pneumoniae and all of them were non-

ESBL TEM-1 β-lactamases. Another study conducted on clinical isolates of K. 

pneumoniae collected from Argentina, South Africa, Europe, United States, Australia and 

Taiwan reported 52 (81.2%) non-ESBL TEM β-lactamases. Among the TEM-type 

ESBLs, eight isolates harboured TEM-10, two possessed TEM-12, one contained TEM-

26 and one had TEM-63 (Paterson et al., 2003). Perilli et al. (2002) reported 134 isolates 

of TEM-type ESBL, which included TEM-5, TEM-12, TEM-15, TEM-19, TEM-20, 

TEM-24, TEM-26, TEM-43, TEM-52, TEM-60, TEM-72 and TEM-87. The non-ESBL 

TEM β-lactamases were detected in only 12 isolates, which included either TEM-1 or 

TEM-2. 

SHV-type extended spectrum β-lactamases identified in the present study were 

SHV-28 (19.2%), SHV-12 (5.2%) and SHV-110 (0.5%). The rest of the SHV isolates had 

non-ESBL β-lactamases suggesting the involvement of other genes responsible for 

extended spectrum β-lactamase production. The non-ESBL β-lactamases isolated in this 

study were SHV-1 (20.2%), SHV-11 (31.5%), SHV-42 (1.9%) and SHV-27 (1.4%). Non-
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ESBL β-lactamases can also confer antibiotic resistance in K. pneumoniae but not usually 

to oxyimino cephalosporins. Niumsup et al. (2008) reported a large number of SHV-12 

(84%) in Thai hospitals while the other SHV types were SHV-27 (9.7%) and SHV-28 

(6.5%). Chanawong et al. (2001) identified 60.5% SHV-12, 30.2% SHV-5 and 2.3% 

SHV-2a. A study conducted in the Moroccan community reported ESBL type SHV-28 

(8.8%), SHV-12 (8.8%), SHV-36 (2.9%) and SHV-110 (2.9%). Non-ESBL SHV (SHV-

1, SHV-11, SHV-32, SHV-26 and SHV-76) were also detected along with the other 

ESBL genes (Barguigua et al., 2013). A large number of chromosomal mediated OKP β-

lactamases were also identified in K. pneumoniae isolates in this study. OKP β-

lactamases (20.2%) isolated in this study do not confer antibiotic resistance to extended 

spectrum cephalosporins, however they are responsible for the hydrolysis of other β-

lactam antibiotics. Haeggman et al. (2004) described a family of OKP β-lactamases 

which are only confined to K. pneumoniae. The OPK β-lactamases are similar to other β-

lactamases in phenotypic characteristics. Mendonca et al. (2009) reported 3.0% OKP β-

lactamases among the 308 clinical isolates of K. pneumoniae and all of them were 

resistant to amoxicillin. In the present study, OKP β-lactamases appear as discrete group 

in the dendrogram due to several mutations as compared to the SHV mutants which have 

only few mutations. Since OKP β-lactamases and SHV were evolved from a common 

ancestor, they can be amplified using the same primer sequence. 

CTX-M genes responsible for ESBL production among the members of 

Enterobacteriaceae family have been reported since the 1990s from many parts of the 

world (Bonnet, 2004). The rise of CTX-M type ESBL-mediated resistance have been 

documented in many developed countries but limited data is available about the 

prevalence of these genes in developing countries (Nhu et al., 2010). K. pneumoniae 

isolates in this study harboured CTX-M-1 group β-lactamases in 99.0% of the strains. 

The isolates containing CTX-M in the present study were also responsible for resistance 

to extended spectrum cephalosporins. Almost all isolates harboured CTX-M enzymes 

along with some SHV type ESBLs. Similar results were reported by Agha Khan 

University Hospital, Pakistan where 93.8% K. pneumoniae isolates were found to be 

positive for CTX-M-1 group along with 1.5% CTX-M-25 group (Khan et al., 2010). A 

recent study in a Moroccan community detected 94.1% CTX-M type ESBLs along with 
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SHV and TEM type ESBLs among the clinical isolates of K. pneumoniae and all of them 

belonged to CTX-M-1 group (Barguigua et al., 2013). The results of the present study 

shows the involvement of more than one ESBL antibiotic resistance mechanism in many 

isolates of K. pneumoniae. 

Integrons are an important means of horizontal antibiotic resistance gene transfer 

among the clinical isolates (Roy et al., 2011). K. pneumoniae isolates in the present study 

were also studied for the presence of integrase gene. It was found that 94.9% K. 

pneumoniae had class 1 integrons, 1.4% had class 2 and 0.9% had class 3. Rowe-Magnus 

and Mazel (2002) reported that the integrons are responsible for the spread of antibiotic 

resistant genes amongst Gram-negative bacteria. Integrons carry and express a cassette of 

multiple drug resistant genes. The presence of such a higher number of integron 1 

explains why the ESBL-producing K. pneumoniae isolated in the present study were also 

resistant to the groups of antibiotics other than cephalosporins and monobactam. Many of 

the K. pneumoniae isolated in this study were resistant to aminoglycosides, quinolones, 

sulfonamide and other groups. This is the first study in Pakistan to detect class 1 and 

class 2 integrons simultaneously in 1.4% of the isolates and also reporting class 3 

integrons in clinical isolates of K. pneumoniae among the paediatric patients. Another 

local study carried out in the Faisalabad region of Pakistan reported 44.8% class 1 

integrons and 27.6% class 2 integrons in E. coli isolated from surgical wound infections. 

Class 1 and class 2 integrons were detected together in 10.3% isolates. Class 3 integrons 

were not detected in any of the isolates (Saeed et al., 2009). Similar results were reported 

by other researchers where they detected integron 1 and 2 individually and 

simultaneously (Reyes et al., 2003; Mathai et al., 2004). A recent survey in Southern 

China reported 66.0% class 1 integrons in ESBL producing K. pneumoniae (Sun et al., 

2013). 
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CONCLUSION 

This is the first study conducted on clinical isolates of ESBL-producing K. pneumoniae 

among paediatric patients from a tertiary care paediatric hospital of Pakistan. Antibiotic 

resistance is posing serious implications in developing countries like Pakistan. 

Injudicious use of antibiotics due to easy availability of the drugs off the counter, quacks 

and blind prescriptions of antibiotics by physicians without culture and susceptibility 

testing are the main reasons for the accelerated genetic evolutionary changes in bacteria 

leading to drug resistance. Bacteria develop mechanisms to resist the selective pressure 

imposed by the antibiotics. This study focused on demographic, clinical, laboratory and 

molecular aspects of the infected patients and K. pneumoniae.  A large number patients 

were found to have various bacterial infections, and the isolation of a significant number 

of ESBL-producing K. pneumoniae is a serious public concern. Early detection and 

reporting of ESBL-producing K. pneumoniae is important for the successful treatment of 

patients and for epidemiological surveillance purposes. It was found that CLSI 

confirmatory tests should be used in routine for the phenotypic characterization of ESBL-

producing K. pneumoniae. The data showed that ESBL-producing K. pneumoniae 

transmission is more common in neonates and this could be because of handling of the 

neonates without hand washing, close contact of the neonates (more than one patient on 

single bed) and the use of contaminated instruments. Interventions should be used 

aseptically to prevent the transfer of ESBL-producing K. pneumoniae. ESBL-producing 

isolates were found to be associated with very high mortality, which can be minimized by 

early detection of ESBL production and using the appropriate antibiotics for the 

treatment. The high prevalence of ESBL-producing K. pneumoniae among paediatric 

patients is responsible for prolonged hospital stay, increase in financial burden on parents 

and government, bed occupancy (in a situation where single paediatric hospital handles 

millions of children), mental and physical exertion and sometimes death. 

 The presence of ESBL-producing K. pneumoniae leads to antibiotic treatment 

failure which leaves the physician with only a few treatment choices. Cephalosporins, 

monobactams, aminoglycosides and sulfonamide drugs do not prove to be a good choice 

for the treatment of ESBL-producing K. pneumoniae infections. It is being recommended 

that extensive use of cephalosporins should be discouraged where a large number of 
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ESBL infections are expected. This study recommends the use of carbapenems, 

sulbactam-cefoperazone and piperacillin-tazobactam for the treatment of ESBL K. 

pneumoniae infections but they should be used as last resort after culture and 

susceptibility testing. These antibiotics should not be used as a first line of treatment for 

undiagnosed infections. Quinolones and aminoglycosides can only be considered for 

treatment if in vitro susceptibility results favour their use. The use of synergetic 

combinations can be helpful for treating such infections. K. pneumoniae isolated in this 

study exhibited ESBL-mediated antibiotic resistance due to the presence of blaSHV-28, 

blaSHV-12, blaSHV-110 and blaCTX-M-1 genes. Molecular characterization of blaTEM showed 

that all of them were non-ESBL blaTEM-1 and it was concluded that ESBL production in 

K. pneumoniae isolated in the present study was not conferred because of blaTEM. The 

presence of a high number of class 1 integrons in ESBL K. pneumoniae is a serious threat 

and explains the emergence of multidrug resistant isolates which were resistant to other 

groups as well. Integrons will continue to threaten the usefulness of new antibiotics 

because they can carry a cassette of resistant genes for many groups and can transfer 

these resistant elements to other members of Gram-negative bacteria which eventually 

leads to a vicious circle. 

 It is being recommended that a stricter infection control policy should be 

implemented to control the horizontal transfer of blaSHV, blaTEM, blaCTX-M genes and 

integrons in clinical isolates of K. pneumoniae and also other bacteria. There should be a 

continuous microbiological surveillance and molecular detection of ESBL-producing 

isolates to treat the patients with better antibiotics and this also will contribute to 

understanding the evolutionary dissemination of ESBL genes. ESBL gene transfer can be 

minimized by adopting simple hand washing procedures after patient handling, use of 

aseptic interventions (especially with intravenous lines), patient cohorting, single patient 

per bed policy, cleaning and proper fumigation of the wards, intensive care units and 

operation theatres. 

It is through the methods described above, combined with the proactive action of 

policy-makers, medical practitioners, pharmacy dispensers, the pharmaceutical industry, 

as well as the general public and patients themselves, which will best help combat the 

global spread antimicrobial resistance. 
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FUTURE PLANS 

The future plans related to this study will be: 

 To rule out the presence of blaSHV, blaTEM and blaCTX-M genes in other pathogens. 

 To determine the presence of antibiotic resistant genes other than ESBL genes in 

integrons gene cassettes. 

 Preparation of new groups of ESBL resistant antibiotics.  



  99 
REFERENCES  

 
 

REFERENCES 
Ahmad, P.M., M.A. Thokar, B.A. Fomda and K. Ahmed. 2010. Extended spectrum β-

lactamase producing Klebsiella pneumoniae at a tertiary care setup in Kashmir, 

India: Comparative phenotypic detection and antimicrobial susceptibility pattern. 

RIF., 1(2): 124-133.   

Aladag, M.O., Y. Durak and A. Uysal. 2009. Investigation of imipenem and meropenem 

susceptibilities, plasmid profiles extended spectrum β-lactamase characteristic of 

Klebsiella pneumoniae isolated from urinary tract infections. W. A. S. J., 7(3): 

378-381.  

Al-Agamy, M.H., A.M. Shibl and A.F. Tawfik. 2009. Prevalence and molecular 

characterization of extended spectrum β-lactamase producing Klebsiella 

pneumoniae in Riyadh, Saudi Arabia. Ann. Saudi Med., 29(4): 253-257. 

Alhussain, J.A. and N. Akhtar. 2005. Susceptibility patterns of extended spectrum β-

lactamase (ESBL) producing Escherichia coli and Klebsiella pneumoniae isolated 

in a teaching hospital. Pak. J. Med. Res., 44(2): 64-67. 

Ali, A.M., S. Rafi and A.H. Qureshi. 2004. Frequency of extended spectrum β-lactamase 

producing gram negative bacilli among clinical isolates at clinical laboratories of 

Army Medical College, Rawalpindi. J. Ayub Med. Coll., 16(1): 35-37. 

Al-Zahrani, A.J. and N. Akthar. 2005. Susceptibility patterns of extended spectrum β-

lactamase producing Escherichia coli and Klebsiella pneumoniae isolated in a 

teaching hospital. Pak. J. Med. Res., 44(2): 64-67. 

Ambler, R.P., A.F. Coulson, J.M. Frere, J.M. Ghuysen, B. Joris, N. Forsman, R.C. 

Levesque, G. Tiraby and S.G. Waley. 1991. A standard numbering scheme for the 

class A β-lactamases. Biochem. J., 276(1): 269-270. 

Amin, A., P.B. Ghumro, S. Hussain and A. Hamid. 2009. Prevalence of antibiotic 

resistance among clinical isolates of Klebsiella pneumoniae isolated from a 

Tertiary Care Hospital in Pakistan. Malays. J. Microbiol., 5(2): 81-86. 

Anderl, J.N., M.J. Franklin and P.S. Stewart. 2000. Role of antibiotic penetration 

limitation in Klebsiella pneumoniae biofilm resistance to ampicillin and 

ciprofloxacin. Antimicrob. Agents Chemother., 44(7): 1818-1824. 



  100 
REFERENCES  

 
 

Antoniadou, A., F. Kontopidou, G. Poulakou, E. Koratzanis, I. Galani, E. 

Papadomichelakis, P. Kopterides, M. Souli, A. Armaganidis and H. Giamarellou. 

2007. Colistin-resistant isolates of Klebsiella pneumoniae emerging in intensive 

care unit patients: first report of a multiclonal cluster. J. Antimicrob. Chemother., 

59(4): 786-90. 

Ariffin, H., P. Navaratnam, M. Mohamed, A. Arasu, W.A. Abdullah, C.L. Lee and L.H. 

Peng. 1999. Ceftazidime-resistant Klebsiella pneumoniae bloodstream infection 

in children with febrile neutropenia. Int. J. Infect. Dis., 4(1): 21-25.  

Arnold, S.R. and S.E. Straus. 2005. Interventions to improve antibiotic prescribing 

practices in ambulatory care. Cochrane Database Syst. Rev., 4. 

Austrain, R. The Gram stain and the etiology of lobar pneumonia, a historical note. 1960. 

Bacteriol. Rev., 24(3): 261-265. 

Barguigua, A., F. El Otmani, M. Talmi, F. Bourjilat, F. Haouzane, K. Zerouali and M. 

Timinouni. 2011. Characterization of extended-spectrum β-lactamase-producing 

Escherichia coli and Klebsiella pneumoniae isolates from the community in 

Morocco. J. Med. Microbiol., 60(9): 1344-1352. 

Barguigua, A., F.E. Otmani, M. Talmi, A. Reguig, L. Jamali, K. Zerouali and M. 

Timinouni. 2013. Prevalence and genotypic analysis of plasmid mediated β-

lactamases among urinary Klebsiella pneumoniae isolates in Moroccan 

community. J. Antibiot., 66(1): 11-16. 

Batchelor, M., K. Hopkins, E. Threlfall, F. Clifton-Hadley, A. Stallwood, R. Davies and 

E. Liebana. 2005. blaCTX-M genes in clinical Salmonella isolates recovered from 

humans in England and wales from 1992 to 2003. Antimicrob. Agents 

Chemother., 49(4): 1319-1322. 

Bauernfeind, A., H. Grimm and S. Schweighart. 1990. A new plasmidic cefotaximase in 

a clinical isolate of Escherichia coli. Infection, 18(5): 294-298. 

Bell, J.M., M. Chitsaz, J.D. Turnidge, M. Barton, L.J. Walters and R.N. Jones. 2007. 

Prevalence and significance of a negative extended spectrum β-lactamase 

confirmation test result after a positive ESBL screening test result for isolates of 

Escherichia coli and Klebsiella pneumoniae: results from the Sentry Asia-Pacific 

surveillance program. J. Clin. Microbiol., 45(5): 1478-1482. 



  101 
REFERENCES  

 
 

Bennett, J.W., J.L Robertson, D.R Hospenthal, S.E. Wolf, , K.K Chung, K. Mende and 

C.K. Murray. 2011. Impact of extended spectrum β-lactamase producing 

Klebsiella pneumoniae infections in severely burned patients. J. Am. Coll. Surg., 

211(3): 391-399. 

Bingen, E.H., P. Desjardins, G. Arlet, F. Bourgeois, P. Mariani-Kurkdjian, N.Y. 

Lambert-Zechovsky, E. Denamur, A. Philippon and J. Elion. 1993. Molecular 

epidemiology of plasmid spread among extended broad spectrum β-lactamase 

producing Klebsiella pneumoniae isolates in a pediatric hospital. J. Clin. 

Microbiol., 31(2): 179-184. 

Biswas, S.K. and R.S. Kelkar. 2008. Early Detection of ESBL producers from clinical 

samples using MacConkey Agar with ceftazidime. J. Clin. Microbiol., 45(5): 

1478-1482. 

Bjorn, B., R. Jureen, K.P. Manji, B.S. Tamim, D.S. Mwakagile, W.K. Urassa, M. Fataki, 

V. Msangi, M.G. Tellevik, S.Y. Maselle and N. Langeland. 2005. High rate of 

fatal cases of pediatric septicemia caused by gram-negative bacteria with 

extended-spectrum beta-lactamases in Dar es Salaam, Tanzania. J. Clin. 

Microbiol., 43(2): 745-749. 

Blomberg, B., R. Jureen, K.P. Manji, B.S. Tamim, D.S. Mwakagile, W.K. Urassa,  M. 

Fataki,  V. Msangi, M.G. Tellevik, S.Y. Maselle and N. Langeland. 2005. High 

rate of fatal cases of pediatric septicemia caused by gram negative bacteria with 

extended spectrum β-lactamases in Dar es Salaam, Tanzania. J. Clin. Microbiol., 

43(2): 745-749. 

Bonnet, R. 2004. Growing group of extended-spectrum beta-lactamases: the CTX-M 

enzymes. Antimicrob. Agents Chemother., 48(1): 1-14.  

Bradford, P.A. 2001. Extended-spectrum β-lactamases in the 21st century, 

characterization and detection of this important resistance threat. Clin. Microbiol. 

Rev., 14(4): 933-951. 

Bradford, P.A., Y. Yang, D. Sahm, I. Grope, D. Gardovska and G. Storch. 1998. CTX-M-

5, a novel cefotaxime-hydrolyzing β-lactamase from an outbreak of Salmonella 

typhimurium in Latvia. Antimicrob. Agents Chemother., 42(8): 1980-1994. 



  102 
REFERENCES  

 
 

Burgess, D.S., R.G. Hall, J.S. Lewis, J.H. Jorgensen and J.E. Patterson. 2003. Clinical 

and microbiologic analysis of a hospital’s extended-spectrum beta-lactamase 

producing isolates over a 2-year period. Pharmacotherapy., 23(10): 1232-1237.  

Bush, K. 2001. New β-lactamases in gram-negative bacteria: diversity and impact on the 

selection of antimicrobial therapy. Clin. Infect. Dis., 32(7): 1085-1089.  

Bush, K. and G.A. Jacoby. 2010. An updated functional classification of β-lactamases. 

Antimicrob. Agents Chemother., 54(3): 969-976. 

Bush, K., G.A. Jacoby and A.A. Medeiros. 1995. A functional classification for β-

lactamase and its correlation with molecular structure. Antimicrob. Agents 

Chemother., 39(6): 1211-1233. 

Caroff, N., D. Lepelletier, J.L. Orsonneau, A. Blin, R. Labia, H. Richet and A. Reynaud. 

1999. Bacterial and epidemiologic study of the resistance to 

oxyiminocephalosporins in Escherichia coli in a French Hospital. Clin. Microbiol. 

Infect., 5(1): 37-46. 

Cassettari, V.C., I.R. da Silveira, M. Dropa, N. Lincopan, E.M. Mamizuka, M.H. Matte, 

G.R. Matte and P. R. Menezes. 2009. Risk factors for colonization of newborn 

infants during an outbreak of extended spectrum β-lactamase producing 

Klebsiella pneumoniae in an intermediate risk neonatal unit. J. Hosp. infect., 

71(4): 340-347. 

Chaibi, E.B., D. Sirot, G. Paul and R. Labia. 1999. Inhibitor-resistant TEM β-lactamases: 

phenotypic, genetic and biochemical characteristics. J. Antimicrob. Chemother., 

43(4): 447-458. 

Chanawong, A., F.H. Zali, J. Heritage, A. Lulitanond and P.M Hawkey. 2001. SHV-12, 

SHV-5, SHV-2a and VEB-1 extended spectrum β-lactamases in Gram-negative 

bacteria isolated in a university hospital in Thailand. J. Antimicrob. Chemother., 

48: 839-852. 

Chanawong, A., F.H. Zali, J. Heritage, A. Lulitanond and P.M Hawkey. 2001. SHV-12, 

SHV-5, SHV-2a and VEB-1 extended-spectrum β-lactamases in Gram-negative 

bacteria isolated in a university hospital in Thailand. J. Antimicrob. Chemother., 

48(6): 839-852. 



  103 
REFERENCES  

 
 

Cheesbrough, M. 2006. District laboratory practice in tropical countries. Cambridge 

University Press. Vol. 2. 

Chong, Y., S. Shimoda, H. Yakushiji,  Y. Ito, T. Miyamoto, T. Kamimura, N. Shimono  

and K. Akashi. 2013. Community spread of extended-spectrum β-lactamase 

producing Escherichia coli, Klebsiella pneumoniae and Proteus mirabilis: a long-

term study in Japan. J. Med. Microbiol., 62(7): 1038-1043. 

Chung, C., S.L. Niemela and R.H. Miller. 1989. One-step preparation of competent 

Escherichia coli: Transformation and storage of bacterial cells in the same 

solution. Proc. Natl. Acad. Sci. U. S. A., 86(7): 2172-2175. 

Clinical and Laboratory Standards Institute (CLSI). 2007. Performance standards for 

antimicrobial susceptibility testing; seventeenth informational supplement. M100-

S17. CLSI, Wayne, PA. 

Clinical and Laboratory Standards Institute (CLSI). 2009. Performance standards for 

antimicrobial susceptibility testing; nineteenth informational supplement. M100-

S19. CLSI, Wayne, PA. 

Clinical and Laboratory Standards Institute (CLSI). 2010. Performance standards for 

antimicrobial susceptibility testing; twentieth informational supplement. M100-

S20. CLSI, Wayne, PA. 

Cohen, M.L. 2000. Changing patterns of infectious disease. Nature, 406(6797): 762-

767.   

Cooksey, R., J. Swenson, N. Clark, E. Gay and C. Thornsberry. 1990. Patterns and 

mechanisms of beta-lactam resistance among isolates of Escherichia coli from 

hospitals in the united states. Antimicrob. Agents Chemother., 34(5): 739-745. 

Correa, L., M.D. Martino, I. Siqueira, J. Pasternak, A.C. Gales, C.V. Silva, T.Z. 

Camargo, P.F. Scherer and A.R. Marra. 2013. A hospital-based matched case-

control study to identify clinical outcome and risk factors associated with 

carbapenem-resistant Klebsiella pneumoniae infection. BMC Infect. Dis., 13: 80. 

Coudron, P.E., N.D. Hanson and M.W. Climo. 2003. Occurrence of extended spectrum 

and AmpC β-lactamase in bloodstream isolates of Klebsiella pneumoniae: isolates 

harbor plasmid mediated FOX-5 and ACT-1 AmpC β-lactamase. J. Clin. 

Microbiol., 41(2): 772-777. 



  104 
REFERENCES  

 
 

Dalela, G. 2012. Prevalence of extended spectrum beta-lactamase (ESBL) producers 

among gram-negative bacilli from various clinical isolates in a tertiary care 

hospital at Jhalawar, Rajasthan, India. J. Clin. Diag. Res., 6(2): 182-187.   

Damjanova, I., A. kostoth, J. Paszti, M. Jakab, H. Milch, A. Bauernfeind and M. Fuzi. 

2006. Epidemiology of SHV type β-lactamase producing Klebsiella spp. from 

outbreaks in five geographically distant Hungarian neonatal intensive care units: 

widespread dissemination of epidemic R-plasmids. Intel. J. Anti. Ag., 29(6): 665–

671. 

Demir, S., A. Soysal, M. Bakir, M.E. Kaufmann and A. Yagci. 2008. Extended-spectrum 

beta lactamase- producing Klebsiella pneumoniae in paediatric wards: a nested 

case control study. J. Paediatr. Child Health, 44(10): 548-553. 

Denisuik, A.J., P.R. Lagace-Wiens, J.D. Pitout, M.R. Mulvey, P.J. Simner, F. Tailor, J.A. 

Karlowsky, D.J. Hoban, H.J. Adam and G.G. Zhanel. 2013. Molecular 

epidemiology of extended-spectrum β-lactamase-, AmpC β-lactamase- and 

carbapenemase-producing Escherichia coli and Klebsiella pneumoniae isolated 

from Canadian hospitals over a 5 year period: CANWARD 2007-11. J. 

Antimicrob.  Chemother., 68(1): i57-65. 

Dhara, M., P. Disha, P. Sachin, J. Manisha, B. Seema and M. Vegad. 2012. Comparison 

of various methods for the detection of extended spectrum beta-lactamase in 

Klebsiella pneumoniae isolated from neonatal intensive care unit, 

Ahmedabad. Nat. J. Med. Res., 2(3): 348-355. 

Eftekhar, F., M. Rastegar, M. Golalipoor and N.M. Samaei. 2012. Detection of Extended 

Spectrum Β-Lactamases in Urinary isolates of Klebsiella pneumoniae in relation 

to BlaSHV, BlaTEM and BlaCTX-M gene carriage. Iranian. J. Publ. Health, 41(3): 127-

132.  

Ellen, S.M., S.Y. Kim, S.G. Hong and K.S. Thomson. 2008. Newer β-Lactamases: 

Clinical and Laboratory Implications, Part I. Clin. Microbiol. Newsletter, 30(10): 

71-77.   

Emery, C.L. and L.A. Weymouth. 1997. Detection and clinical significance of extended-

spectrum β-lactamases in a tertiary care medical center. J. Clin. Microbiol., 35(8): 

2061-2067.  



  105 
REFERENCES  

 
 

Feizabadi, M.M., D. Somayeh, R. Nafiseh, M. Araz, A. Marzieh, S. Fereshteh, P. 

Mahmood and Y. Davud. 2010. Distribution of bla(TEM), bla(SHV), bla(CTX-

M) genes among clinical isolates of Klebsiella pneumoniae at Labbafinejad 

Hospital, Tehran, Iran. Microb. Drug Resist., 16(1): 49-53. 

Fred, C.T., M.J. Mohammed, T.S. Gorton and Z.F. Dembek. 1999. Detection and 

reporting of organisms producing extended-spectrum β-lactamases: Survey of 

laboratories in Connecticut. J. Clin. Microbiol., 37(12): 4065-4070. 

Friedlander, C. 1882. About the Schizomycetes in acute fibroid pneumonia. Virchows 

Arch. Pathol. Anat. u. Physiol., 87(2): 319-324. 

Gaillot, O., C. Maruejouls, E. Abachin, F. Lecuru, G. Arlet, M. Simonet and P. Berche. 

1998. Nosocomial outbreak of Klebsiella pneumoniae producing SHV-5 

extended-spectrum beta-lactamase, originating form a contaminated 

ultrasonography coupling gel. J. Clin. Microbiol., 36(5): 1357-1360.   

Gavin, P.J., M.T. Suseno, R.B. Thomson, J.M. Gaydos, C.L. Pierson, D.C. Halstead, J. 

Aslanzadeh, S. Brecher, C. Rotstein, S.E. Brossette and L.R. Peterson. 2006. 

Clinical correlation of the CLSI breakpoint for piperacillin-tazobactam against 

extended-spectrum-beta-lactamase producing Escherichia coli and Klebsiella 

species. Antimicrob. Agents Chemother., 50(6): 2244-2247. 

Ghaforian, S., Z.B. Sekami, N. Sadeghifard, R. Mohebi, V.K. Neela, A. Maleki, A. 

Hematian, M. Rahbar, M. Raftari and R. Ranjbar. 2011. The prevalence of ESBL 

producing K. pneumoniae in some major hospitals, Iran. Open Microbiol. J., 5(1): 

91-95. 

Girlich, D., A. Karim, L. Poirel, M.H. Cavin, C. Verny and P. Nordmann. 2000. 

Molecular epidemiology of an outbreak due to IRT-2 β-lactamse-producing 

strains of Klebsiella pneumoniae in a geriatric department. J. Antimicrob. 

Chemother., 45(4): 467-473. 

Gniadkowski, M., A. Palucha, P. Grzesiowski and W. Hryniewicz. 1998. Outbreak of 

Ceftazidime resistant Klebsiella pneumoniae in a pediatric hospital in Warsaw, 

Poland: Clonal spread of the TEM-47 extended spectrum β-Lactamase (ESBL) 

producing strain and transfer of a plasmid carrying the SHV-5-Like ESBL 

encoding Gene. Antimicrob. Agents Chemother., 42(12): 3079-3085. 



  106 
REFERENCES  

 
 

Gold, H.S. and R.C. Moellering. 1996. Antimicrobial drug resistance. N. Engl. J. Med., 

335:1445-1453. 

Gotoff, S.P. 1992. Sepsis in the newborn. In: Krugman, S., S.L. Katz, A.A. Gershon and 

C.M. Wilfert, editors, Infectious diseases of children, 9th ed. St. Louis, Mo: 

Mosby, 402-418. 

Goussard, S. and P. Courvalin. 1999. Updated sequence information for TEM beta-

lactamase genes. Antimicrob. Agents Chemother., 43(2): 367-370. 

Grover, S.S., M. Sharma, D. Chattopadhya, H. Kapoor, S.T. Pasha and G. Singh. 2006. 

Phenotypic and genotypic detection of extended spectrum β-lactamase. J. Infect., 

53(4): 279-288. 

Gupta, A. 2002. Hospital-acquired infections in the neonatal intensive care unit-

Klebsiella pneumoniae. Semin. Perinatol., 26(5): 340-345.  

Hadzic, S., A. Custovic, J. Smajlovic and S. Ahmetagic. 2012. Distribution of 

nosocomial infections caused by Klebsiella pneumoniae ESBL strain. J. Environ. 

Occup., 1(13): 141-146. 

Hadziyannis, E., M. Tuohy, L. Thomas, G.W. Procop, J.A. Washington and G.S. Hall. 

2000. Screening and confirmatory testing for extended spectrum β-lactamases in 

Escherichia coli, Klebsiella pneumoniae, and Klebsiella oxytoca clinical isolates. 

Diag. Microb. Infect. Dis., 36(2): 113-117. 

Haeggman, S., S. Lofdahl, A. Paauw, J. Verhoef and S. Brisse. 2004. Diversity and 

evolution of the class A chromosomal beta-lactamase gene in 

Klebsiella pneumoniae. Antimicrob. Agents Chemother., 48(7): 2400-2408. 

Hall, M.A., A.C. Fluit, A. Paauw, A.T. Box, S. Brisse and J. Verhoe. 2002. Evaluation of 

the Etest ESBL and the BD Phoenix, VITEK 1, and VITEK 2 automated 

instruments for detection of extended-spectrum beta-lactamases in multiresistant 

Escherichia coli and Klebsiella spp. J. Clin. Microbiol., 40(10): 3703-3711. 

Hall, R.M. and C.M. Collis. 1995. Mobile gene cassettes and integrons: capture and 

spread of genes by site-specific recombination. Mol. Microbiol., 15(4): 593-600. 

Hammond, D.S., T. Harris, J. Bell, J. Turnidge and P.M. Giffard. 2008. Selection of SHV 

extended-spectrum-β-lactamase-dependent cefotaxime and ceftazidime resistance 



  107 
REFERENCES  

 
 

in Klebsiella pneumoniae requires a plasmid-borne blaSHV gene. Antimicrob. 

Agents Chemother., 52(2): 441-445. 

Harini, L. and S. Ananthan. 2012. Phenotypes of ESBL producing Klebsiella pneumoniae 

and Escherichia coli isolates recovered from pediatric subjects in Chennai, 

Southern India.  Int. J. Basic App. Med. Sci., 2(1): 126 -131. 

Hasan, A.O., R.O. Hasan, M.A. Muhibi and W.O. Adebimpe. 2012. A survey of 

Enterobacteriaceae in hospital and community acquired infections among adults 

in a tertiary health institution in Southwestern Nigeria. Afr. J. Microbiol. Res., 

6(24): 5162-5167. 

Hobson, R.P., F.M. MacKenzie and I.M. Gould. 1996. An outbreak of multiply-resistant 

Klebsiella pneumoniae in the Grampian region of Scotland. J. Hosp. Infect., 

33(4): 249-262.  

Holten, K.B. and E.M. Onusko. 2000. Appropriate prescribing of oral beta-lactam 

antibiotics. Am. Fam. Physician, 62(3): 611-620. 

Jabeen, K., A. Zafar and R. Hasan. 2005. Frequency and sensitivity pattern of Extended 

Spectrum Beta Lactamase producing isolates in a tertiary care hospital laboratory 

of Pakistan. J. Pak. Med. Assoc., 55(10): 436-439. 

Jacobs, E., A.  Dalhoff and G. Korfmann. 2009. Patterns of bacterial isolates from 

hospitalised patients with respiratory tract infections. Intel. J. Anti. Ag., 33(1): 52-

57. 

Jacoby, G.A. 1996. Antimicrobial resistance pathogens in 1990s. Rev. Med., 47: 169-179. 

Jacoby, G.A. and A.A. Medeiros. 1991. More extended spectrum β-lactamase. 

Antimicrob. Agents Chemother., 35(9): 1697-1704. 

Jacoby, G.A. and L. Sutton. 1991. Properties of plasmids responsible for production of 

extended spectrum β-lactamases.   Antimicrob. Agents Chemother., 35(1): 164-

169. 

Jacoby, G.A. and L.S. Price. 2005. The New β-Lactamases. N. Eng. J. Med., 352(4): 380-

391. 

Jacoby, G.A. and P. Han. 1996. Detection of extended spectrum beta-lactamases in 

clinical isolates of Klebsiella pneumoniae and Escherichia coli. J. Clin. 

Microbiol., 34(4): 908-911. 



  108 
REFERENCES  

 
 

Jarlier, V.M., M. Nicolas, G. Fournier and A. Phillipon. 1988. Extended broad-spectrum 

conferring transferable resistance to newer beta-lactam agents in 

Enterobacteriaceae: hospital prevalence and susceptibility patterns. Rev. Infect. 

Dis., 10(4): 867-878. 

Jeong, S.H., I.K. Bae, D. Kim, S.G. Hong, J.S. Song, J.H. Lee and S.H. Lee. 2005. First 

outbreak of Klebsiella pneumoniae clinical isolates producing GES-5 and SHV-

12 extended-spectrum β-lactamases in Korea. Antimicrob. Agents Chemother., 

49(11): 4809-4810. 

Jeong, S.H., I.K. Bae, J.H. Lee, S.G. Sohn, G.H. Kang, G.J. Jeon, Y.H. Kim, B.C. Jeong 

and S.H. Lee. 2004. Molecular characterization of extended spectrum β-

lactamases produced by clinical isolates of Klebsiella pneumoniae. J. Clin. 

Microbiol., 42(7): 2902-2906. 

Jones, R.N., C. Mendes, P.J. Turner and R. Masterton. 2005. An overview of the 

meropenem yearly susceptibility test information collection (MYSTIC) Program: 

1997-2004. Diagn. Microbiol. Infect. Dis., 53(4): 247-256.  

Kang, C.I., S.H. Kim, W.B. Park, K.D. Lee, H.B. Kim, E.C. Kim, M.D. Oh and K.W. 

Choe. 2004. Bloodstream infections due to extended spectrum β-lactamase 

producing Escherichia coli and Klebsiella pneumoniae: Risk factors for mortality 

treatment outcome with special emphasis on antimicrobial therapy. Antimicrob. 

chemother., 48(12): 4574-4581. 

Kaniga, K., R. Flamm, S.Y. Tong, M. Lee, I. Friedland and R. Redman. 2010. Worldwide 

experience with the use of Doripenem against extended-spectrum-β-lactamase-

producing and ciprofloxacin-resistant Enterobacteriaceae: Analysis of six Phase 3 

clinical studies. Antimicrob. Agents Chemother., 54(5): 2119-2124.   

Katsanis, G.P., J. Spargo, M.J. Ferraro, L. Sutton and G.A. Jacoby. 1994. Detection of 

Klebsiella pneumoniae and Escherichia coli strains producing extended-spectrum 

beta-lactamases. J. Clin. Microbiol., 32(3): 691-696. 

Kaye, K.S., H.S. Fraimow and E. Abrutyn. 2000. Pathogens resistant to antimicrobial 

agents-epidemiology, molecular mechanisms and clinical management. Infect. 

Dis. Clin. N. Am., 14(2): 293-319. 



  109 
REFERENCES  

 
 

Kenneth, M.W., V. Schechner, H.S. Gold, S.B. Wright and Y. Carmeli. 2010. Treatment 

with fluoroquinolones or with beta-lactam-beta-lactamase inhibitor combinations 

is a risk factor for isolation of extended-spectrum-beta-lactamase-

producing Klebsiella species in hospitalized patients. Antimicrob. Agents 

Chemother., 54(5): 2010-2016.  

Khan, E., M. Ejaz, A. Zafar, K. Jabeen, S. Shakoor, R. Inayat and R. Hasan. 2010. 

Increased isolation of ESBL producing Klebsiella pneumoniae with emergence of 

carbapenem resistant isolates in Pakistan: Report from a tertiary care hospital. J. 

Pak. Med. Assoc., 60(3): 186-190. 

Khan, E., T. Schneiders, A. Zafar, E. Aziz, A. Parekh and R. Hasan. 2010. Emergence of 

CTX-M Group 1-ESBL producing Klebsiella pneumoniae from a tertiary care 

centre in Karachi, Pakistan. J. Infect. Dev. Ctries., 4(8): 472-476. 

Kim, M.J., K.S. Chung and K.M. Sohn. 2013. Successful Control of Extended-spectrum 

Beta-lactamase-producing Klebsiella pneumoniae Outbreak in a Neonatal 

Intensive Care Unit. Korean J. Nosocomial Infect. Control, 18(1): 26-32. 

Kim, Y., H. Pai, H.J. Lee, S.E. Park,  E.H. Choi, J. Kim, J. H. Kim and E.C. Kim. 2002. 

Bloodstream infections by extended spectrum β-lactamase producing Escherichia 

coli and Klebsiella pneumoniae in children: epidemiology and clinical outcome. 

Antimicrob. Agents Chemother., 46(5): 1481-1491. 

Kitzis, M.D., D. Billot-Klein, F.W. Goldstein, R. Williams, J. Carlet, J.F. Acar and L. 

Gutmann. 1988. Dissemination of the novel plasmid mediated β-lactamase CTX-1 

which confer resistance to broad spectrum cephalosporin and its inhibition by β-

lactamase inhibitor. Antimicrob. Agents Chemother., 32(1): 9-14. 

Kizilca, O., R. Siraneci,  A. Yilmaz, N. Hatipoglu, E. Ozturk, A. Kiyak and D. Ozkok. 

2012. Risk factors for community-acquired urinary tract infection caused ESBL-

producing bacteria in children. Pediatr. Int., 54(6): 858-862. 

Knothe, H., P. Shah, V. Krcmery, M. Antal and S. Mitsuhashi. 1983. Transferable 

resistance to cefotaxime, cefoxitin, cefamandole and cefuroxime in clinical 

isolates of Klebsiella pneumoniae and Serratia marcescens. Infection, 11(6): 315-

317. 



  110 
REFERENCES  

 
 

Knox, J.R. 1995. Extended-spectrum and inhibitor-resistant TEM-type beta-lactamases: 

mutations, specificity, and three-dimensional structure. Antimicrob. Agents 

Chemother., 39(12):2593-2601.    

Kopacz, J., M. Noriel, C.U Rita, S. Paul, W. Wehbeh, S.M. Sorans and U. Carl. 2013. 

Identification of Extended-Spectrum-β-Lactamase-Positive Klebsiella 

pneumoniae Urinary Tract Isolates Harbouring KPC and CTX-M β-Lactamases in 

Nonhospitalized Patients. Antimicrob. Agents Chemother., 57(10): 5166-5169. 

Langer, A.J., P. Lafaro, C.A. Genese and P. McDonough. 2009. Using active 

microbiologic surveillance and enhanced infection control measures to control an 

outbreak of health care associated extended spectrum β-lactamase producing 

Klebsiella pneumoniae infections-New Jersey, 2007. Am. J. Infect. Control, 37(1): 

73-75. 

Larkin, M., G. Blackshields, N. Brown, R. Chenna, P. McGettigan, H. McWilliam, F. 

Valentin, I. Wallace, A. Wilm and R. Lopez. 2007. Clustal W and clustal X 

version 2.0. Bioinformatics, 23(21): 2947-2948. 

Lautenbach, E., B.L. Strom, W.B. Bilker, J.B. Patel, P.H. Edelstein and N.O. Fishman. 

2001. Epidemiological investigation of fluoroquinolone resistance in infections 

due to extended-spectrum beta-lactamase producing Escherichia coli and 

Klebsiella pneumoniae. Clin. Infect. Dis., 33(8): 1288-1294. 

Lee, C.I., N. Lee, J. Yan, H. Lee, N. Ko, C. Chang, C. Wu, P. Chen, L. Wang and W. Ko. 

2009. Extended spectrum β-lactamase producing phenotype signifies a poor 

prognosis for patients with cefpodoxime resistant Escherichia coli or Klebsiella 

pneumoniae. J. Immunol. Infect., 42(4): 303-309.  

Lee, N.Y., W.H. Huang, K.C. Tsui, P.R. Hsueh and W.C. Ko. 2011. Carbapenem therapy 

for bacteremia due to extended-spectrum β-lactamase producing Escherichia coli 

or Klebsiella pneumoniae. Diag. Microb. Infect. Dis., 70(1): 150-153. 

Lemozy, J., D. Sirot, C. Chanal, C. Hue, R. Labia, H. Dabernat and J. Sirot. 1995. First 

characterization of inhibitor-resistant TEM (IRT) beta-lactamases in Klebsiella 

pneumoniae strains. Antimicrob. Agents Chemother., 39(11): 2580-2582. 

Liu, H., H.C. Lin, Y. Lin, S. Yu, W.H. Wu and Y.J. Lee. 2011. Antimicrobial 

susceptibilities of urinary extended spectrum β-lactamase producing Escherichia 



  111 
REFERENCES  

 
 

coli and Klebsiella pneumoniae to fosfomycin and nitrofurantoin in a teaching 

hospital in Taiwan. J. Microbiol. Immunol. Infect., 34(9): 1-5. 

Liu, P.Y.F, J.C. Tung, S.C. Ke and S.L. Chen. 1998. Molecular epidemiology of 

extended-spectrum beta-lactamase-producing Klebsiella pneumoniae isolates in a 

district hospital in Taiwan.  J. Clin. Microbiol., 36(9): 2759-2762.  

Livermore, D.M. 1995. Beta-lactamases in laboratory and clinical resistance. Clin. 

Microbiol. Rev., 8(4): 557-584.   

Livermore, D.M. and M. Yuan. 1996. Antibiotic resistance and production of extended 

spectrum beta-lactamases amongst Klebsiella spp. from intensive care units in 

Europe. J. Antimicrob. Chemother., 38(3): 409-24.  

Livermore, D.M. and N. Woodford. 2004. Laboratory detection and reporting of bacteria 

with extended spectrum β-lactamases. Antibiotic resistance monitoring and 

reference laboratory, specialist and reference Microbiology division, Health 

Protection Agency Colindale, London, 1-14. 

Machado, E., R. Canton, F. Baquero, J.C. Galan, A. Rollan, L. Peixe and T.M. Coque. 

2005. Integron content of extended-spectrum-β-lactamase-producing Escherichia 

coli strains over 12 years in a single hospital in Madrid, Spain. Antimicrob. Agents 

Chemother., 49(5): 1823-1829. 

Mammeri, H., M.V.D. Loo, L. Poirel, L.M. Martinez and P. Nordmann. 2005. Emergence 

of plasmid mediated quinolone resistance in Escherichia coli in Europe. 

Antimicrob. Agents Chemother., 49(1): 71-76. 

Marra, A.R., S.B. Wey, A. Castelo, A.C. Gales, R.G.R. Cal, J.C. Filho, M.B. Edmond 

and C.A.P. Pereira. 2006. Nosocomial bloodstream infections caused by 

Klebsiella pneumoniae: impact of extended spectrum β-lactamase production on 

clinical outcome in a hospital with high ESBL prevalence. B. M. C. Infect. Dis., 

6(1): 24. 

Mathai, E., M. Grape and G. Kronvall. 2004. Integrons and multidrug resistance among 

Escherichia coli causing community-acquired urinary tract infection in southern 

India. APMIS., 112(3): 159-164. 

Mazel, D. and J. Davies. 1999. Antibiotic resistance in microbes. Cell. Mol. Life Sci., 

56(9): 742-754. 



  112 
REFERENCES  

 
 

Mendelson, G., V. Hait, J. Ben-Israel, D. Gronich, E. Granot and R. Raz. 2005. 

Prevalence and risk factors of extended-spectrum β-lactamase producing 

Escherichia coli and Klebsiella pneumoniae in an Israeli long term care facility. 

Eur. J. Clin. Microbial. Infect. Dis., 24(1): 17-22. 

Mendonca, N., E. Ferreira and M. Canica. 2009. Genetic diversity of genes encoding 

OKP and LEN β- lactamases produced by clinical Klebsiella pneumoniae strains 

in Portugal. Diagn. Microbiol. Infect. Dis., 63(3): 334-338. 

Mendonca, N., E. Ferreira, D. Louro, M. Canica and ARSIP Participants. 2009. 

Molecular epidemiology and antimicrobial susceptibility of extended and broad 

spectrum β-lactamase producing Klebsiella pneumoniae isolated in Portugal. 

Intel. J. Anti. Ag., 34(1): 29-37.  

Meyer, K.S., C. Urban, J.A. Eagan, B.J. Berger and J.J. Rahal. 1993. Nosocomial 

outbreak of Klebsiella infection resistant to late-generation cephalosporins. Ann. 

Intern. Med., 119(5): 353-358. 

Mosqueda-Gomez, J.L., A. Montano-Loza, A.L. Rolon, C. Cervantes, J.M. Bobadilla-

del-Valle, J. Silva-Sanchez, U. Gazra-Ramos, A. Villasis-Keever, A. Galindo-

Fraga, G.M.R. Palacios, A. Ponce-de-Leon and J. Sifuentes-Osornio. 2008. 

Molecular epidemiology and risk factors of bloodstream infections caused by 

extended-spectrum β-lactamase-producing Klebsiella pneumoniae: A case-control 

study. Int. J. Infect. Dis., 12(6): 653-659. 

Moubareck, C., Z. Daoud, N.I. Hakime, M. Hamze, N. Mangeney, H. Matta, J.E. 

Mokhbat, R. Rohban, D.K. Sarkis and F.D. Populaire. 2005. Countrywide spread 

of community and hospital acquired extended-spectrum β-lactamase (CTX-M-

15)-producing Enterobacteriaceae in Lebanon. J. Clin. Microbiol., 43(7): 3309-

3313.   

Mshana, S.E., E. Kamugisha, M. Mirambo, T. Chakraborty and E.F. Lyamuya. 2009. 

Prevalence of multiresistant gram negative organisms in a tertiary hospital in 

Mwanza, Tanzania. B. M. C. Res. Notes, 2:49.  

Munier, G.K., C.L. Johnson, J.W. Snyder, E.S. Moland, N.D. Hanson and K.S. Thomson. 

2010. Positive extended-spectrum-β-lactamase (ESBL) screening results may be 



  113 
REFERENCES  

 
 

due to AmpC β-lactamases more often than to ESBLs. J. Clin. Microbiol., 48(2): 

673-674. 

Muro, S., E. Garza-Gonzalez, A. Camacho-Ortiz, G.M. Gonzalez,  J.M. Llaca-Diaz, F. 

Bosques and F. Rositas. 2012. Risk factors associated with extended-spectrum β-

lactamase-producing Enterobacteriaceae nosocomial bloodstream infections in a 

tertiary care hospital: a clinical and molecular analysis. Chemotherapy, 58(3): 

217-24. 

Murray, P.R., E.J. Baron, M.A. Pfaller, F.C. Tenover, R.H. Yolken.  1999. Manual of 

Clinical Microbiology. 7th ed.  ASM Press. 

Naas, T., G. Cuzon, H. Truong, S. Bernabeu and P. Nordmann. 2010. Evaluation of a 

DNA Microarray, the Check-Points ESBL/KPC array, for rapid detection of 

TEM, SHV, and CTX-M extended spectrum β-lactamases and KPC 

carbapenemases. Antimicrob. Agents Chemother., 54(8): 3086-3092. 

Nasa, P., D. Juneja, O. Singh, R. Dang and A. Singh. 2011. An observational study on 

bloodstream extended spectrum β-lactamase infection in critical care unit: 

Incidence, risk factors and its impact on outcome. Eur. J. Internal Med., 

20(1):440-58. 

National Committee for Clinical Laboratory Standards (NCCLS). 2000. Performance 

standards for antimicrobial disk susceptibility tests, approved standard, 7th edn, 

document M2-A7. NCCLS, Villanova, PA. 

Nhu, N.T.K., H. Vinh, T.V.T. Nga, R. Stabler, P.T. Duy, L.T.M. Vien, H.R.V. Doorn, 

A.C. Tarraga, N. Thomson, J. Campbell, N.V.M. Hoang, T.T.T. Nga, P.V. Minh, 

C.T. Thuy, B. Wren, J. Farrar and S. Baker. 2010. The Sudden Dominance of 

blaCTX–M Harbouring Plasmids in Shigella spp. Circulating in Southern Vietnam. 

PLoS Negl. Trop. Dis., 4(6): e702. 

Nijssen, S., A. Florijn, M.J.M. Bonten, F.J. Schmitz, J. Verhoef and A.C. Fluit. 2004. β-

lactam susceptibilities and prevalence of extended spectrum β-lactamase 

producing isolates among more than 5000 European Enterobacteriaceae isolates.  

Intel. J. Anti. Ag., 24(6): 585-591. 

Niumsup. P.R., U. Tansawai, N. Boonkerd, P. Polwichai and S. Dejsirilert. 2008. 

Dissemination of extended-spectrum β-lactamase producing Klebsiella 



  114 
REFERENCES  

 
 

pneumoniae and Escherichia coli in Thai hospitals. J. Infect. Chemother., 14(6): 

404-408. 

Nukaga, M., K. Mayama, A.M. Hujer, R.A. Bonomo and J.R. Knox. 2003. Ultrahigh 

resolution structure of a class A beta-lactamase: on the mechanism and specificity 

of the extended-spectrum SHV-2 enzyme. J. Mol. Biol., 328(1): 289-301.   

Pagani, L., M. Perilli, R. Migliavacca, F. Luzzaro and G. Amicosante. 2000. Extended-

spectrum TEM- and SHV-type beta-lactamase-producing Klebsiella pneumoniae 

strains causing outbreaks in intensive care units in Italy. Eur. J. Clin. Microbiol. 

Infect. Dis., 19(10): 765-772. 

Palzkill, T. and D. Botstein. 1992. Identification of amino acid substitutions that alter the 

substrate specificity of TEM-1 β-lactamase. J. Bacteriol., 174(16): 5237-5243. 

Park, S.Y., C. Kang, E. Joo, Y.E. Ha, Y.M. Wi, D.R. Chung, K.R. Peck, N.Y. Lee and J. 

Song. 2012. Risk factors for multidrug resistance in nosocomial bacteremia 

caused by extended-spectrum β-lactamase producing Escherichia coli and 

Klebsiella pneumoniae. Microb. Drug Resist., 18(5): 518-524. 

Patankar, M., S. Sukumaran, A. Chhibba, U. Nayak and L. Sequeira. 2012. Comparative 

in-vitro activity of cefoperazone-tazobactam and cefoperazone-sulbactam 

combinations against ESBL pathogens in respiratory and urinary infections. J. 

Assoc. Physicians India, 60: 22-24. 

Paterson, D.L. 2000. Recommendation for treatment of severe infections caused by 

Enterobacteriaceae producing extended-spectrum beta-lactamases (ESBLs). Clin. 

Microbiol. Infect., 6(9): 460-463. 

Paterson, D.L., K.M. Hujer, A.M. Hujer, B. Yeiser, M.D. Bonomo, L.B. Rice, R.A. 

Bonomo and International Klebsiella study group. 2003. Extended-spectrum β-

lactamases in Klebsiella pneumoniae bloodstream isolates from seven countries: 

Dominance and widespread prevalence of SHV- and CTX-M-type beta-

lactamases. Antimicrob. Agents Chemother., 47(11): 3554-3560. 

Paterson, D.L., W.C. Ko, A.V. Gottberg,  S. Mohapatra, J.M. Casellas, H. Goossens,  L. 

Mulazimoglu,  G. Trenholme,  K.P. Klugman, R.A. Bonomo, L.B. Rice, M.M. 

Wagener, J.G. McCormack  and V.L. Yu. 2004. International prospective study of 



  115 
REFERENCES  

 
 

Klebsiella pneumoniae Bacteremia: implications of extended spectrum β-

lactamase production in Nosocomial infections. Ann. Intern. Med., 140(1): 26-32. 

Paterson, J.E., T.C. Hardin, C.A. Kelly, R.C. Garcia and J.H. Jorgensen. 2000. 

Association of antibiotic utilization measures and control of multiple-drug 

resistance in Klebsiella pneumoniae. Infect. Control Hosp. Epidemiol., 21(7):455-

458. 

Pathak, A., Y. Marothi, V. Kekre, K. Mahadik, R. Macaden and C.S. Lundborg. 2012. 

High prevalence of extended-spectrum beta-lactamase-producing pathogens: 

results of a surveillance study in two hospitals in Ujjain, India. Infect. Drug 

Resist., 5(1): 65-73. 

Patricia, A.B. 2001. Extended-spectrum β-lactamases in the 21st century: characterization, 

epidemiology, and detection of this important resistance threat. Clin. Microbiol. 

Rev., 14(4): 933-951. 

Peirano, G., J.H. Sang, A. Pitondo-Silva, K.B. Laupland and J.D. Pitout. 2012. Molecular 

epidemiology of extended-spectrum-b-lactamase-producing Klebsiella 

pneumoniae over a 10 year period in Calgary, Canada. J. Antimicrob. Chemother., 

67(5): 1114-1120. 

Pena, C., M. Pujol, C. Ardanuy, A. Ricart, R. Pallares, J.L. Ares, J. Ariza and F. Gudiol. 

1998. Epidemiology and successful control of a large outbreak due to Klebsiella 

pneumoniae producing extended- spectrum β-lactamases. Antimicrob. Agents 

Chemother., 42(1): 53-58. 

Perilli, M., E.D. Amico, B. Segatore, M.R. Massis, C. Bianchi, F. Luzzar, G.M. 

Rossolini, A. Toniolo, G. Nicolletti and G.A. Sante. 2002.  Molecular 

characterization of extended spectrum beta lactamases produced by nosocomial 

isolates of Enterobacteriaceae from an Italian national survey. J. Clin. Microbiol., 

40(2): 611-614. 

Pfaller, M.A., J. Acar, R.N. Jones, J. Verhoef, J. Turnidge and H.S. Sader. 2001. 

Integration of molecular characterization of microorganisms in a global 

antimicrobial resistance surveillance program. Clin. Infect. Dis., 32(2): 156-167.   

Philippon, A., A. Guillaume, A. George and G.A. Jacoby. 2002. Plasmid-Determined 

AmpC-Type β-Lactamases. Antimicrob. Agents Chemother., 46(1): 1-11.   



  116 
REFERENCES  

 
 

Pitout, J.D., A. Hossain and N.D. Hanson. 2004. Phenotypic and Molecular detection of 

CTX-M-β-lactamases produced by Escherichia coli and Klebsiella spp. J. Clin. 

Microbiol., 42(12): 5715-5721.  

Pitout, J.D., P. Nordmann, K.B. Laupland and L. Poirel. 2005. Emergence of 

Enterobacteriaceae producing extended spectrum β-lactamases in community. J. 

Antimicrob. Chemother., 56(1): 52-59. 

Podschun, R. and U. Ullmann. 1998. Klebsiella spp. As nosocomial pathogens: 

epidemiology, taxonomy, typing methods, and pathogenicity factors. Clin. 

Microbiol. Rev., 11(4): 589-603. 

Postgate, J. 1998. Nitrogen fixation. 3rd ed., Cambridge University Press. 

Poyart, C., P. Mugnier, G. Quesne, P. Berche, and P. Trieu-Cuot. 1998. A novel extended 

spectrum TEM type β-lactamase (TEM-52) associated with decreased 

susceptibility to moxalactam in Klebsiella pneumoniae. Antimicrob. Agents 

Chemother., 42(1): 108-113.  

Prathiba, K., B.K. Teh, G. Kumarasinghe and C.L. Poh. 2006. Identification of vaccine 

candidate antigens of an ESBL producing Klebsiella pneumoniae clinical strain 

by immunoproteome analysis. Proteomics, 6(3):836-844.  

Prospero, E., P. Barbadoro, E. Esposto, E. Manso, E. Martini, S. Savini, F. Scaccia, L. 

Tantucci, P. Pelaia and M.M. D’Errico. 2010. Extended-spectrum beta-lactamases 

Klebsiella pneumoniae: multimodal infection control program in Intensive Care 

Units. J. Prev. Med. Hyg., 51(3): 110-115.  

Quinn, J.P. 1994. Clinical significance of extended-spectrum beta-lactamases. Eur. J. 

Clin. Microbiol. Infect. Dis., 13(1): 39-42. 

Quinn, J.P. 1998. Clinical strategies for serious infection: a North American perspective. 

Diag. Microbiol. Infect. Dis., 31(2): 389-395. 

Randrianirina, F., S. Vedg, D. Rakotovao, C.E. Ramaskotu, H. Ratsihain, J.E. Carod, E. 

Ratsima, M. Molillon and A. Talamin. 2009. Role of contaminated aspiration 

tubes in nosocomial outbreak of Klebsiella pneumoniae producing SHV-2 and 

CTX-M 15. J. Hosp. Infect., 12(1): 23-9. 

Rasheed, J.K., C. Jay, B. Metchock, F. Berkowitz, L. Weigel, J. Crellin, C. Steward, B. 

Hill, A.A. Medeiros and F.C. Tenover. 1997. Evolution of extended-spectrum 



  117 
REFERENCES  

 
 

beta-lactam resistance (SHV-8) in a strain of Escherichia coli during multiple 

episodes of bacteremia. Antimicrob. Agents Chemother., 41(3): 647-653. 

Rasheed, J.K., J.G.J. Anderson, H. Yigit, A.M. Queenan, A.D. Sanchez, J.M. Swenson, 

J.W. Biddle, M.J. Ferraro, G.A. Jacoby and F.C. Tenover. 2000. Characterization 

of the extended spectrum beta-lactamase reference strain, Klebsiella pneumoniae 

K6 (ATCC 700603), which produces the novel enzyme SHV-18. Antimicrob. 

Agents Chemother., 44(9): 2382-2388. 

Rashid, T. and A. Ebringer. 2006. Ankylosing spondylitis is linked to Klebsiella the 

evidence. Clin. Rheumatol., 26(6): 858-64. 

Rettedal, S., I.H. Lohr, O. Natas, A. Sundsfjord and K. Oymar. 2013. Risk factors for 

acquisition of CTX-M-15 extended-spectrum beta-lactamase-producing 

Klebsiella pneumoniae during an outbreak in a neonatal intensive care unit in 

Norway. Scand. J. Infect. Dis., 45(1): 54-58. 

Reyes, A., H. Bello, M. Dominqez, S. Mella, R. Zemelman and G. Gonzalez. 2003. 

Prevalence and types of class 1 integrons in aminoglycoside-resistant 

Enterobacteriaceae from several Chilean hospitals. J. Antimicrob. Chemother., 

51(2): 317-321. 

Riaz, S., M. Faisal and S. Hasnain. 2012. Prevalence and comparison of beta-lactamase 

producing Escherichia coli and Klebsiella spp from clinical and environmental 

sources in Lahore, Pakistan. Afr. J. Microbiol. Res., 6(2): 465-470. 

Richmond, M.H. and R.B. Sykes. 1973. The β-lactamase of gram negative bacteria and 

their possible physiological role. Adv. Microb. Physiol., 9:31-88. 

Rodrigues, C., P. Joshi, S.H. Jani, M. Alaphonse, R. Radakrishnan and A. Mehta. 2004. 

Detection of beta lactamase in gram negative clinical isolates. Ind. J. Med., 22(4): 

247-250. 

Rodriguez, B.J., M.D. Navarro, L. Romero, L.M. Martinez, M.A. Muniain, E.J. Perea, 

R.P. Cano and A. Pascual. 2004. Epidemiology and clinical features of infections 

caused by extended-spectrum beta-lactamase producing Escherichia coli in non-

hospitalized patients. J. Clin. Microbiol., 42(3): 1089-1094. 



  118 
REFERENCES  

 
 

Rosser, S.J. and H.K. Young. 1999. Identification and characterization of class 1 

integrons in bacteria from an aquatic environment. J. Antimicrob. Chemother., 

44(1): 11-18.  

Rowe-Magnus, D.A. and D. Mazel. 2002. The role of integrons in antibiotic resistance 

gene capture. Int. J. Med. Microbiol., 292(2): 115-125. 

Roy, C., A. Ingold, N. Vanegas, E. Martinez, J. Merlino, A.K. Merkier, M. Castro, R.G. 

Gonzalez, G. Borthagaray, D. Centron, T.H. Bello, C.M. Marquez and H.W. 

Stokes. 2011. Dissemination of multiple drug resistance genes by class 1 

integrons in Klebsiella pneumoniae isolates from four countries: a comparative 

study. Antimicrob. Agents Chemother., 55(7): 3140-3149. 

Rubtsova, M.Yu, M.M. Ulyashova, T.T. Bachmann, R.D. Schmid and A.M. Egorov. 

2010. Multiparametric determination of genes and their point mutations for 

identification of beta-lactamases. Biochemistry (Mosc)., 75(13): 1628-1649. 

Ryan, K.J. and C.G. Ray. 2004. Sherris Medical Microbiology. 4th edition. McGraw Hill. 

Saeed, M.A., A. Haque, A. Ali, M. Mohsin, S. Bashir, A. Tariq, A. Afzal, T. Iftikhar and 

Y. Sarwar. 2009. A profile of drug resistance genes and integrons in E. coli 

causing surgical wound infections in the Faisalabad region of Pakistan. J. 

Antibiot., 62(6): 319-323. 

Saely, S., K.S. Kaye, M.R. Fairfax, T. Chopra and J.M. Pogue. 2011. Investigating the 

impact of the definition of previous antibiotic exposure related to isolation of 

extended spectrum β-lactamase producing Klebsiella pneumoniae. Am. J. Infect. 

Control., 39(5):390-395. 

Sahly, H., S.N. Venezia, L. Roesler, A. Hay, Y. Carmeli, R. Posdschun, C. Hennequin, C. 

Forestier and I. Ofek. 2008. Extended-spectrum β-lactamase production is 

associated with an increase in cell invasion and expression of fimbrial adhesins in 

Klebsiella pneumoniae.  Antimicrob. Agents Chemother., 52(9): 3029-3034.  

Sanders, C.C. and W.E. Sanders. 1992. Beta-lactamase in gram-negative bacteria: global 

trends and clinical impact. Clin. Infect. Dis., 15(5): 824-839. 

Sarojamma, V. and V. Ramakrishna. 2011. Prevalence of ESBL-Producing Klebsiella 

pneumoniae Isolates in Tertiary Care Hospital. ISRN Microbiol., 2011: 1-5.  



  119 
REFERENCES  

 
 

Shah, A.A., F. Hasan and A. Hameed. 2002. Study on the prevalence of 

Enterobacteriacae in hospital and community acquired infections. Pak. J. Med. 

Res., 41(1): 1-7. 

Shah, A.A., F. Hasan, S. Ahmed and A. Hameed. 2003. Prevalence of extended-spectrum 

β-lactamases in nosocomial and outpatients (Ambulatory). Pak. J. Med. Sci., 

19(3): 187-191. 

Simner, P.J., G.G. Zhanel, J. Pitout, F. Tailor, M. McCracken, M.R. Mulvey, P.R. 

Lagace-Wiens, H.J. Adam and D.J. Hoban. 2011. The Canadian Antimicrobial 

Resistance Alliance (CARA). 2011. Prevalence and characterization of extended 

spectrum β-lactamase and AmpC β-lactamase producing Escherichia coli: results 

of the Canward 2007-2009 study. Diag. Microb. Infect. Dis., 69(3): 326-334. 

Sirrot, D.L., F.W. Goldstein, C.J. Soussy, A.L. Coustein, M.O. Husson, J. Lemory, M. 

Meryan, C. Morel, R. Perez, C.Q. Noury, M.E. Reverdy, J.M. Schefter, M. 

Rosenbaun and Y. Reevani. 1992. Resistance to cefotaxime and seven other β-

lactamase in member of the family Enterobacteriaceae, a 3 year survey in France. 

Antimicrob. Agents Chemother., 36(8): 1677-1681.  

Siu, L.K., P. Lu, P. Hsueh, F.M. Lin, S. Chang, K. Luh, M. Ho, and C. Lee. 1999. 

Bacteremia due to extended spectrum β-Lactamase producing Escherichia coli 

and Klebsiella pneumoniae in a pediatric oncology ward: Clinical features and 

identification of different plasmids carrying both SHV-5 and TEM-1 genes.  J. 

Clin. Microbiol., 37(12): 4020-4027. 

Soge, O.O., B.A. Adeniyi and M.C. Roberts. 2006. New antibiotic resistance genes 

associated with CTX-M plasmids from uropathogenic Nigerian Klebsiella 

pneumoniae. J. Antimicrob. Chemother., 58(5): 1048-53. 

Soilleux, M.J., A.M. Morand, G.J. Arlet, M.R. Scavizzi and R. Labia. 1996. Survey of 

Klebsiella pneumoniae producing extended-spectrum beta-lactamases: prevalence 

of TEM-3 and first identification of TEM-26 in France. Antimicrob. Agents 

Chemother., 40(4): 1027-1029. 

Spanu, T., M. Sanguinetti, M. Tumbarello, T. D’Inzeo, B. Fiori, B. Posteraro, R. 

Santangelo, R. Cauda, and G. Fadda. 2006. Evaluation of the new VITEK 2 



  120 
REFERENCES  

 
 

extended-spectrum beta-lactamase (ESBL) test for rapid detection of ESBL 

production in Enterobacteriaceae isolates. J. Clin. Microbiol., 44(9): 3257-3262. 

Stale, T., B. Haldorsen, K.H. Dahl, G.S. Simonsen, M. Steinbakk, T.R. Walsh and A. 

Sundsfjord. 2007. Effects of phenotype and genotype on methods for detection of 

extended-spectrum-β-lactamase-producing clinical isolates of Escherichia coli 

and Klebsiella pneumoniae in Norway. J. Clin. Microbiol., 45(1): 199-205.  

Steward, C.D., J.K. Rasheed, S.K. Hubert, J.W. Biddle, P.M. Raney, G.J. Anderson, P.P. 

Williams,  K.L. Brittain, A. Oliver, J.E. Mcgowan and  F.C. Tenover. 2001. 

Charaterization of clinical isolates of Klebsiella pneumoniae from 19 laboratories 

using the National Committee for Clinical Laboratory Standards extended 

spectrum β-lactamase detection methods. J. Clin. Microbiol., 39(80): 2864-2872. 

Subha, A. and S. Ananthan. 2002. Extended spectrum β-lactamase (ESBL) mediated 

resistance to third generation cephalosporins among Klebsiella pneumoniae 

in Chennai. Indian J. Med. Microbiol., 20(2): 92-95. 

Sun, J., F. Zheng, F. Wang, K. Wu, Q. Wang, Q. Chen, S. Yu and Y. Rui. 2013. Class 1 

Integrons in Urinary Isolates of Extended-Spectrum β-Lactamase-Producing 

Escherichia coli and Klebsiella pneumoniae in Southern China During the Past 

Five Years. Microb. Drug Resist., 19(4): 289-294. 

Swoboda, S.M., K. Earsing, K. Strauss, S. Lane and P.A. Lipsett. 2004. Electronic 

monitoring and voice prompts improve hand hygiene and decrease nosocomial 

infections in an intermediate care unit. Crit. Care Med., 32(2): 358-363. 

Tenover, F.C., M.J. Mohammed, T.S. Gorton and Z.F. Dembek. 1999. Detection and 

reporting of organisms producing extended spectrum β-lactamases: Survey of 

laboratories in Connecticut. J. Clin. Microbiol., 37(12): 4065-4070. 

Thomson, K.S. and C.C. Sanders. 1992. Detection of extended-spectrum β-lactamases in 

members of the family Enterobacteriaceae: comparison of the double-disk and 

three dimensional tests. Antimicrob. Agents Chemother., 36(9): 1877-1882.  

Thomson, K.S., C.C. Sanders and E.S. Moland. 1999. Use of microdilution panels with 

and without β-lactamase inhibitors as phenotypic test for β-lactamase production 

among Escherichia coli, Klebsiella pneumoniae, Enterobacter spp, Citrobacter 



  121 
REFERENCES  

 
 

freundii and Serratia marcescense. Antimicrob. Agents Chemother., 43(6): 1393-

1400. 

Tofteland, S., B. Haldorsen, K.H. Dahl, G.S. Simonsen, M. Steinbakk, T.R. Walsh, A. 

Sundsfjord and the Norwegian ESBL study group. 2007. Effects of phenotype and 

genotype on methods for detection of extended spectrum β-lactamase producing 

clinical isolates of Escherichia coli and Klebsiella pneumoniae in Norway. J. 

Clin. Microbiol., 45(1): 199-205. 

Tumbarello, M., M. Sanguinetti, E. Montuori, E.M. Trecaruchi, B. Posterano, B. Fiori, R. 

Citton, T. D’Inzeo, G. Fadda, R. Cauda and T. Spanu. 2007. Predictors of 

mortality in patients with bloodstream infections caused by extended-spectrum-

beta-lactamase-producing Enterobacteriaceae: importance of inadequate initial 

antimicrobial treatment. Antimicrob. Agents Chemother., 51(6): 1987-1994.  

Tumbarello, M., T. Spanu, M. Sanguinetti, R. Citton, E. Montuori, F. Leone F, G. Fadda 

and R. Cauda. 2006. Bloodstream infections caused by extended-spectrum-beta-

lactamase-producing Klebsiella pneumoniae: risk factors, molecular 

epidemiology, and clinical outcome. Antimicrob. Agents Chemother., 50(2): 498-

504.  

Tunyapanit, W. and P. Pruekprasert. 2011. Extended-spectrum beta-lactamases in 

Escherichia coli isolated from patients with community-acquired urinary tract 

infections at Songklanagarind hospital, Thailand. J. Infect. Dis. Antimicrob. 

Agents, 23(2): 51-56. 

Tzelepi, E., P. Giakkoupi, D. Sofianou, V. Loukova, A. Kemeroglou and A. Tsakris. 

2000. Detection of extended-spectrum β-lactamases in clinical isolates of 

Enterobacter cloacae and Enterobacter aerogenes. J. Clin. Microbiol., 38(2): 

542-546.  

Tzouvelekis, L.S. and R.A. Bonomo. 1999. SHV-type beta-lactamases. Curr. Pharm. 

Des., 5(11): 847-864. 

Tzouvelekis, L.S., E. Tzelepi, P.T. Tassios and N.J. Legakis. 2000. CTX-M-type β-

lactamases: an emerging group of extended-spectrum enzymes. Int. J. Antimicrob. 

Agents, 14(2):137-142. 



  122 
REFERENCES  

 
 

Ullah, F., S.A. Malik and J. Ahmed. 2009. Antibiotic susceptibility pattern and ESBL 

prevalence in nosocomial Escherichia coli from urinary tract infections in 

Pakistan. Am. J. Biotechnol., 8(16): 3921-3926. 

Urban, C., K.S. Meyer, N. Mariano, J.J. Rahal, R. Flamm, B.A. Rasmussen and K. Bush. 

1994. Identification of TEM-26 1-Lactamase responsible for a major outbreak of 

ceftazidime-resistant Klebsiella pneumoniae. Antimicrob. Agents Chemother., 

38(2): 392-395.  

Vercauteren, E., P. Descheemaeker, M. Ieven, C.C. Sanders and H. Goossens. 1997. 

Comparison of screening methods for detection of extended-spectrum beta-

lactamases and their prevalence among blood isolates of Escherichia coli and 

Klebsiella spp. in a Belgian teaching hospital. J. Clin. Microbiol., 35(9): 2191-

2197. 

Villegas, M.V., A. Correa, F. Perez, M.C. Miranda, T. Zuluaga and J.P. Quinn. 2004. 

Prevalence and characterization of extended-spectrum beta-lactamases in 

Klebsiella pneumoniae and Escherichia coli isolates from Colombian hospitals. 

Diag. Microb. Infect. Dis., 49(3): 217-222. 

Wang, S.S., N.Y. Lee, P.R. Hsueh, W.H. Huang, K.C. Tsui, H.C. Lee, C.J. Wu, C.M. 

Chang, C.C. Huang, C.F. Huang and W.C. Ko. 2011. Clinical manifestations and 

prognostic factors in cancer patients with bacteremia due to extended spectrum β-

lactamase producing Escherichia coli or Klebsiella pneumoniae. J. Microbiol. 

Immunol. Infect., 44(4): 282-288. 

Wang, X.R., J.C. CHEN, Y. Kang, N. Jiang, S.C. An and Z.C. Gao. 2012.  Prevalence 

and characterization of plasmid-mediated blaESBL with their genetic 

environment in Escherichia coli and Klebsiella pneumoniae in patients with 

pneumonia. Chin. Med . J., 125(5): 894-900. 

Washington, W.Jr., S. Allen, W. Janda, E. Koneman, G. Procop, P. Schreckenberger and 

G. Woods. 2006. Koneman’s color atlas and text book of diagnostic 

microbiology. 6th Ed Philadelphia, PA 19106: Lippincott Williams and Wilkins, 

Baltimore, MD. 

Wen, Z., X. Wei, Y. Xiao, F. Xue, F. Hao, Y. Zhu, N. Ma, Y. Xiao and H. Wang. 2010. 

Intervention study of the association of antibiotic utilization measures with 



  123 
REFERENCES  

 
 

control of extended spectrum β-lactamase producing bacteria. Microbe. Infect., 

12(10): 710-715. 

Wen-Chien, K., D.L. Paterson, A.J. Sagnimeni, D.S. Hansen, A.V. Gottberg, S. 

Mohapatra, J.M. Casellas, H. Goossens, L. Mulazimoglu, G. Trenholme, K.P. 

Klugman, J.G. McCormack and V.L. Yu. 2002. Community-Acquired Klebsiella 

pneumoniae bacteremia: Global differences in clinical patterns. Emerg. Infect. 

Dis., 8(2): 160-166. 

Woodford, N., M. Ward, M. Kaufmann, J. Turton, E. Fagan, D. James, A. Johnson, R. 

Pike, M. Warner and T. Cheasty. 2004. Community and hospital spread of 

Escherichia coli producing CTX-M extended-spectrum beta-lactamases in the 

UK. J. Antimicrob. Chemother., 54(4): 735-743. 

Wright, G.D. 2010. Antibiotic resistance in the environment: A link to the clinic? Curr. 

Opin. Microbiol., 13(5): 589-594. 

Xiong, Z., T. Li, Y. Xu and J. Li. 2007. Detection of CTX-M-14 extended spectrum beta-

lactamase in Shigella sonnei isolates from China. J. Infect., 55(5): e125-128. 

Yadav, V., S. Sharma, K. Harjai, H. Mohan, S. Chhibber. 2005. Lipopolysaccharide-

mediated protection against Klebsiella pneumoniae-induced lobar pneumonia: 

intranasal vs. intramuscular route of immunization. Folia Microbiol., 50(1): 83-

86. 

Yang, Q., H. Zhang, Y. Wang, Y. Xu,  M. Chen,  R.E. Badal, H. Wang, Y. Ni, Y. Yu, B. 

Hu, Z. Sun, W. Huang, Y. Wang,  A. Wu,  X. Feng, K. Liao, D. Shen,  Z. Hu, Y. 

Chu,  J. Lu,  B. Cao, J. Su, B. Gui, Q. Duan, S. Zhang,  H. Shao, H. Kong, Y. Hu 

and H. Ye. 2013. A 10 year surveillance for antimicrobial susceptibility of 

Escherichia coli and Klebsiella pneumoniae in community- and hospital-

associated intra-abdominal infections in China. J. Med. Microbiol., 62(9): 1343-

1349.



124 
LIST OF SUPPLIERS 

 
 

Appendix-1: List of suppliers 

List of companies that supplied material used during this study 

Company Name City, State Country 

Adobe Systems San Jose, CA USA 

APS Finechem Seven Hills, NSW  Australia 

BD Biosciences San Jose, CA USA 

BDH Laboratory Supplies Poole UK 

bioMerieux Craponne France 

Bio-Rad Laboratories Hercules, CA USA 

CSL Parkville, VIC Australia 

Gene Works Hindmarsh, SA Australia 

Geospiza Inc. Seattle, Washington USA 

GrapHPad Software La Jolla, CA USA 

Higher Education Commission (HEC)  Islamabad Pakistan 

IBM corporation (Formerly SPSS Inc.) New York USA 

Institute of Evolutionary Biology, 

University of Edinburgh 

Edinburgh UK 

Invitrogen Carlsbad, CA USA 

Life Technologies Carlsbad, California USA 

Merck Darmstadt Germany 

Microsoft Corp. Redmond, WA USA 

Millipore Corp. Billerica, MA USA 

Mitsubishi Electric Tokyo Japan 

MP Biomedicals Solon, OH USA 

National Centre for Biotechnology 

Information (NCBI) 

Bethesda, MD USA 

New England BioLabs Ipswich, MA USA 

Olympus Corp. Tokyo Japan 

Oxoid Hampshire UK 

Premier Biosoft Palo Alto, California USA 
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Promega Madison, WI USA 

Qiagen Hilden Germany 

Sartorius Goettingen Germany 

SIB Bioinformatics Resource Portal Geneva Switzerland 

Syngene Cambridge UK 

The EMBL-European Bioinformatics 

Institute 

Hinxton, Cambridge UK 

Thermo Fisher Scientific Waltham, MA USA 

Welcome Trust Sanger Institute  Hinxton, Cambridge UK 
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 Appendix-2: Composition of culture media 
 
 

A2.1: Composition of Blood Agar 

Ingredients g/l 

Agar 12.0 

D-Glucose 0.5 

Meat extract 2.0 

Peptone 10.0 

Sodium chloride 5.0 

                                  pH= 7.3 

 

 

 

 

A2.2: Composition of MacConkey Agar 

Ingredients g/l 

Agar 12.0 

Bile salts 0.5 

Lactose 10.0 

Neutral red 0.015 

Peptone 12.0 

Sodium chloride 20.0 

                                  pH= 7.3 
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A2.3: Composition of CLED Agar 

Ingredients g/l 

Agar 15.0 

Bromothymol blue 0.02 

Lab-Lemco powder 3.0 

Lactose 10.0 

L-Cystine 0.128 

Peptone 4.0 

Tryptone 4.0 

                                 pH= 7.3  

 

 

 

A2.4: Composition of Mueller-Hinton Agar 

Ingredients g/l 

Agar 17.0 

Beef dehydrated infusion 300.0 

Casein Hydrolysate 17.5 

Starch 1.5 

                               pH= 7.3 

 

 

 

A2.5: Composition of LB Agar 

Ingredients g/l 

Tryptone 10.0 

Yeast Extract 5.0 

Sodium Chloride 10.0 

Agar 15.0 

         pH= 7.3 
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Appendix-3: API 20E Identification Key 

Tests Active ingredients Qty 
mg/cup. 

Reactions/enzymes Results 
Negative Positive 

ONPG 2-nitrophenyl-ßD-
galactopyranoside 

0.223 ß-galactosidase (Ortho nitrophenyl-
ßD- galactopyranosidase) 

Colourless Yellow 

ADH L-arginine 1.9 Arginine Dihydrolases Yellow Red/orange 
LDC L-lysine 1.9 Lysine Decarboxylases Yellow Red/orange 
ODC L-ornithine 1.9 Ornithine Decarboxylases Yellow Red/orange 
CIT Trisodium citrate 0.756 Citrate utilization Pale green/yellow Blue-green/blue 
H2S Sodium thiosulphate 0.075 H2S production Colourless/greyish Black deposit/thin line 
URE Urea 0.76 Urease Yellow Red/orange 
TDA L-tryptophane 0.38 Tryptophane Deaminase Yellow Reddish brown  
IND L-tryptophane 0.19 Indole production Colourless or Pale 

green/yellow 
Pink  

VP Sodium pyruvate  1.9 Acetoin production 
(voges proskauer) 

Colourless/pale pink Pink/red 

GEL Gelatin  
(bovine origin) 

0.6 Gelatinase No diffusion Diffusion of  black 
pigment 

GLU D-glucose  1.9 Fermentation/ oxidation 
(glucose) 

Blue/blue-green Yellow/greyish yellow 

MAN D-mannitol  1.9 Fermentation/ oxidation 
(mannitol) 

Blue/blue-green Yellow 

INO Inositol  1.9 Fermentation/ oxidation 
(inositol) 

Blue/blue-green 
 

Yellow 

SOR D-sorbitol  1.9 Fermentation/ oxidation Blue/blue-green Yellow 
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(sorbitol) 
RHA L-rhamnose 1.9 Fermentation/ oxidation 

(rhamanos) 
Blue/blue-green Yellow 

SAC D-saccharose 1.9 Fermentation/ oxidation 
(saccharose) 

Blue/blue-green Yellow 

MEL D-mellibiose 1.9 Fermentation/ oxidation 
(melibiose) 

Blue/blue-green Yellow 

AMY Amygdalin 0.57 Fermentation/ oxidation 
(amygdalin) 

Blue/blue-green Yellow 

ARA L-arabinose 1.9 Fermentation/ oxidation 
(arabinose) 

Blue/blue-green Yellow 

 
   
   
  
 
 
 
 
 
 

 
 

 
 

 

 
 

POSITIVE TESTS
  

NEGATIVE TESTS 

K. pneumoniae 
REACTIONS  
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Appendix-4 
     Proforma           Sr. No._________ 

Phenotypic & molecular characterization of ESBL producing Klebsiella pneumoniae 
Demographic History  

 
Patient Name: __________________________________   
 
Lab No:_____________     
MR#_____________________         
 
Specimen: Blood      ETT       CVP Tip       PD Catheter     
 
Tracheal Secretions      Pus       Urine       Wound Swab   
 
CSF                                Other____________ 
 

 
Sex: Male     Female          
     
Age: ______Years ______ Months _____ Days 
 
Ward:  NNU            MICU         M-I         M-II         M-III        
  
M.E.        Nephro        Gastro          Neuro         NSW   
 
Gastro         D/W         Private       Surgery         
Other:_______ 

Clinical History                                      

Presenting complaint at admission:    Fever        Vomiting        Lethargy       Convulsions/Seizures        Cough 
 
Respiratory distress       Hypothermia       Inability to feed        Petechiae/Bruising       Jaundice     
Other_________ 
 
History of  antibiotic use in last 3 months: Yes          No        ;         IF YES, Name of Antibiotic: 
      

Intervention during   hospital stay: CVP          ETT           PD Catheter        IV Line          Urinary Catheter 
 
Surgery              NG Tube                    Other__________________________________ 
 

Length of hospital stay:  
 

Outcome:      Discharge                Death                 LAMA 
 

Laboratory Findings 

API 20E Code for Klebsiella pneumoniae 
 

       ESBL Screening: +ve           -ve

DDST at 20 mm Distance: +ve              -ve                                            CLSI Confirmation with CZC: +ve              -ve     

Antimicrobial Sensitivity Results 
 
AK R I            S 

 
CTX R I            S FEP R I            S 

 
SXT R I           S 

 
ATM R I            S 

 
CXM R I            S FOX R I            S 

 
TOB       R I           S 

 
AMC R I            S 

 
CPD R I            S IPM R I            S 

 
TZP R I           S 

 
CAZ R I            S 

 
CN R I            S MEM R I            S 

 
      

 
CRO R I            S 

 
CIP R I            S SCF R I            S 

 

Molecular Characterization 
 
Plasmid DNA Extraction: Done          Not Done                         Amplification of Target Gene:     Done                 Not Done 
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Appendix-5: CLSI recommended inhibition zones (mm) 

Antibiotic  Symbol Concentration Resistant Intermediate Susceptible 
Ceftazidime CAZ 30 µg ≤ 17 18-20 21 ≥ 
Ceftriaxone CRO 30 µg ≤ 19 20-22 23 ≥ 
Cefotaxime CTX 30 µg ≤ 22 23-25 26 ≥ 
Cefuroxime CXM 30 µg ≤ 14 15-17 18 ≥ 
Cefpodoxime CPD 10 µg ≤ 17 18-20 21 ≥ 
Cefepime FEP 30 µg ≤ 14 15-17 18 ≥ 
Cefoxitin FOX 30 µg ≤ 14 15-17 18 ≥ 
Amikacin AK 30 µg ≤ 14 15-16 17 ≥ 
Gentamicin CN 10 µg ≤ 12 13-14 15 ≥ 
Tobramycin TOB 10 µg ≤ 12 13-14 15 ≥ 
Aztreonam ATM 30 µg ≤ 17 18-20 21 ≥ 
Ciprofloxacin CIP 5 µg ≤ 15 16-20 21 ≥ 
Imipenem IPM 10 µg ≤ 19 20-21 23 ≥ 
Meropenem MEM 10 µg ≤ 19 20-22 23 ≥ 
Co-trimoxazole SXT 1.25/23.75 µg ≤ 10 11-15 16 ≥ 
Co-amoxiclav AMC 20/10 µg ≤ 13 14-17 18 ≥ 
Sulbactam-
cefoperazone 

SCF 75/30 µg ≤ 15 16-20 21≥ 

Piperacillin-
tazobactam 

TZP 100/10 µg ≤ 17 18-20 21≥ 
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LIST OF ABBREVIATIONS 
% Percentage 

≤    Less than equal to 

≥ More than equal to 

°C Degree Celsius 

µg Micro gram 

µl Micro liter 

ADH Arginine Dihydrolases 

AK Amikacin 

Ala Alanine 

AMC Co-amoxiclav 

AMS Active Microbiological Surveillance 

AMY Amygdalin 

API 20 E Analytical profile index for Enterobacteriaceae 

ARA Arabinose 

Asp Aspartate 

ATCC American type culture collection 

ATM Aztreonam 

BHI Brain Heart infusion 

CAZ Ceftazidime 

CAZ/CLA Ceftazidime-clavulanate 

CDC Centers for Disease Control and Prevention 

CI Confidence interval 

CIP Ciprofloxacin 

CIT Citrate utilization 

CLED Cysteine lactose electrolyte deficient agar 

CLSI  Clinical and Laboratory Standards Institute 

CN Gentamicin 

CPD Cefpodoxime 

CRO Ceftriaxone 
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CTX Cefotaxime 

CTX/CLA Cefotaxime-clavulanate 

CXM Cefuroxime 

ddH2O Double distilled water 

DDST Disc Diffusion Synergy Test 

dH2O distilled water 

DMSO Dimethyl sulfoxide 

DNA Deoxyribonucleic acid 

E. cloacae Enterobacter cloacae 

E. coli Escherichia coli 

EDTA Ethylene diamine tetra acetic acid 

EIC Enhanced Infection Control 

EMBL European Molecular Biology Laboratory 

ESBL Extended Spectrum Beta-Lactamase 

E-test Epsilometer test 

FEP Cefepime 

FOX Cefoxitin 

g Gram 

g Gravitational acceleration 

g/ l Gram per liter 

GEL Gelatinase 

GLU Glucose 

Glu Glutamate 

Gly Glycine 

GNR Gram negative rods 

H2S Hydrogen Sulphide 

H2S H2S production 

HEC Higher Education Commission 

ICARE Intensive Care Antimicrobial Resistance Epidemiology

ICU Intensive Care Unit 

IEF Isoelectric focusing 
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IND Indole 

INO Inositol 

IPM Imipenem 

IRSIP International Research Support Initiative Program 

IRT Inhibitor Resistant TEM 

IV Intravenous line 

K. pneumoniae Klebsiella pneumoniae 

K. pneumoniae Klebsiella pneumoniae 

LAMA Left Against Medical Advice 

LB Luria-Bertani 

lbs/in2 Pounds per square inch 

LDC Lysine Decarboxylases 

Leu Leucine 

Lys Lysine 

MAN Mannitol 

MDR Multidrug-Resistant 

MEL Melibiose 

MEM Meropenem 

Met Methionine 

ml Milliliter 

mM Millimole 

NC Negative control 

NCBI National Center for Biotechnology Information 

NCCLS National Committee for Clinical laboratory Standards 

NDM New Delhi Metallo-β-lactamase 

NICU Neonatal Intensive Care Unit 

No. Number 

OD Optical density 

ODC Ornithine Decarboxylases 

ONPG Ortho nitrophenyl-ßD- galactopyranosidase 

OR Odd ratio 
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PCR Polymerase chain reaction 

PFGE Pulsed Field Gel Electrophoresis 

Phe Phenylalanine 

RAPD Random Amplification of Polymorphic 

RHA Rhamanos 

rpm Revolutions per minute 

S. marcescens Serratia marcescens 

SAC Saccharose 

SCF Sulbactam-cefoperazone 

Ser Serine 

SOC Super Optimal Culture 

SOR Sorbitol 

SXT Co-trimoxazole 

TAE Tris-acetate-EDTA 

TDA Tryptophane Deaminase 

TE Tris EDTA 

TOB Tobramycin 

TSS Transformation & Storage Solution 

Tyr Tyrosine 

TZP Piperacillin-tazobactam 

URE Urease 

UTI Urinary tract infection 

Val Valine 

VP Voges Proskauer 

WHO World Health Organization  

α Alpha 

β Beta 

 
 


