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Introduction 
 

Antimicrobial resistance is a threat to public 

health. Among the GNB, extended spectrum 

beta Lactamase are the major cause of 

resistance. These enzymes causes lysis of 

the beta lactam ring which is a serious health 

concern and implicated in therapeutic failure 

and complications  ESBLs were 1
st
 reported 

in 1980s, and found out to be point 

mutations of TEM & SHV enzymes, which  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

mediates resistance in the beta lactam group 

of antibiotics. (1,2,3) 
 

The mutant of temoneiea (TEM) and 

sulfhydryl variable (SHV) are the classical 

ESBLs. The cefotaximase (CTX-M) is 

another type of beta lactamase which is 

originated from the environmental genus 

Kluvera. This hydrolyses cefotaxime and 
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ESBL(extended spectrum β lactamase)  producing GNBs are continue to be 
the great challenge in clinical setups worldwide. The spread of ESBLs 

producing GNB has been rapidly increasing.T EM, SHV & CTX-M are the 

prevalent gene responsible for ESBL production. A total of 95 gram negative 

isolates were isolated from various clinical samples from ICU patients and 
subjected for ESBL screening and confirmed by combined disc diffusion 

method and MIC tests and 37 were ESBL producers. These strains were 

subjected for molecular analysis TEM, SHV and CTX-M genes. Among the 
37 ESBL producers, CTX- M (48.3%) were the predominant gene of isolation 

in our study. SHV and TEM were 41.4 % and 17.2 % respectively. 68.7% of 

E.coli & 23.1% of Klebsiella spp had CTX-M genes, 92.3% of Klebsiella spp 
showed SHV genes and 12.5% E.coli & 23.1% of Klebsiella spp showed 

TEM genes. ESBL strains should be confirmed with the molecular analysis to 

know the prevalent gene and for epidemiological analysis. 
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ceftriaxone but has very weak action on 

ceftazidime.(4) 
 

ESBLs are primarily produced by 

enterobacteriaceae family, in particular 

Escherichia coli and Klebsiella spp.. These 

species are playing major role in various 

types of both hospital and community 

acquired infections such as bacteremia, CNS 

infections, Urinary tract infections, 

respiratory tract infections, wound infections 

and diarrhoea.(5,6) 

 

The aim of the study is to characterize the 

beta lactam resistant genes (TEM, 

SHV,CTX-M) in GNB isolated from various 

clinical samples  from ICU patients. 
 

Materials and Methods 
 

A total of  95 gram negative bacilli were 

isolated from various clinical samples such 

as urine, blood, body fluid, sputum, pus, 

drainage tubes and aspirates,  collected from 

ICU patients from tertiary care hospital, 

Chennai. All the samples were processed 

according to standard protocol. Antibiotic 

susceptibility testing was done by Kirby 

Bauer disc diffusion method. Isolates 

showing reduced susceptibility to indicator 

cephalosporins, ceftriaxone (30µg), 

ceftazidime (30µg) and cefotaxime (30µg)  

were further confirmed with combined disc 

diffusion method. (7,8,9) 
 

In vitro susceptibility was determined using 

double disk synergy test (DDST), as 

recommended by CLSI guidelines E. coli 

(ATCC-25922) and K. pneumoniae (ATCC-

700603) were used as reference strains for 

quality control of in vitro susceptibility 

testing. 
 

Double Disc Synergy Test  
 

(Phenotypic Confirmatory Test) for ESBL:  

From the colonies of gram negative bacilli, 

0.5 McFarland’s turbidity standard 

suspension was prepared. Lawn culture was 

made on Muller Hinton Agar plate with this 

inoculum. Discs of Ceftazidime and 

Ceftazidime + Clavulanic acid (30 mcg/10 

mcg) were placed aseptically on the surface 

of MHA. The distance of 15mm was kept 

between the disc and overnight incubation 

was done at 37
o
C. An increase of ≥ 5mm in 

zone diameter of Ceftazidime + Clavulanic 

acid in comparison to the zone diameter of 

Ceftazidime alone confirmed the ESBL 

production by the organisms.(9) 

 

Minimal Inhibitory Concentration (MIC) 

Agar Dilution Method for ESBL 

Detection 

 

Inoculate 1-2μl of 4 hours peptone water 

culture of the isolates were plated on 

Mueller Hinton Agar plates containing 

2μg/mL to 0.125μg/mL concentration of 

serially diluted ceftazidime with and without 

clavulanic acid. A greater than or equal to 3 

fold decrease in MIC for ceftazidime–

clavulanic acid versus its MIC when tested 

alone indicates ESBL positive (CLSI) 

 

Molecular Characterization of Gram 

Negative ESBL Strains 

 

Determination of the Genetic Type of β- 

Lactamase by Polymerase Chain Reaction 

(PCR)  

 

A total of 37  phenotypically confirmed 

(DDST & MIC), ESBL producing strains 

were investigated to determine the probable 

type of β-lactamase enzyme which was 

responsible for resistance. Extraction of 

DNA was performed using DNA extraction 

kit. PCR amplification of bla genes, 

including blaTEM, blaSHV and blaCTX-M 

was performed with Taq master mix DNA 

polymerase using primers listed in table, 
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under the following conditions:Initial 

denaturation step: 94°C for 5 min.  30 cycles 

consisting of: Denaturation: 94°C for 1 min. 

Annealing: 61°C for 1 min.DNA extension: 

72°C for 1 min. Final extension: 72°C for 5 

min. Further analysis of the CTX-M 

enzymes using specific primers listed in 

table was done to determine the specific 

group of CTXM under the same conditions. 

All PCR amplicons were verified by gel 

electrophoresis on a 2% agarose gel 

electrophoresis stained with ethidium 

bromide (1 μl/ml) for 30 min under 100V in 

1X TAE buffer and visualized by ultraviolet 

transilluminator. PCR amplicon sizes were 

calculated by a comparison with 100 bp 

molecular weight DNA ladder. PCR primers 

for detection of blaTEM, blaSHV and 

blaCTX were  blaTEM- F 

AAACGCTGGTGAAAGTA, R AGC 

GATCTGTCTAT –822bp, blaSHV - F 

ATGCGTTATATTCGCCTGTG, RTGC 

TTTGTTATTCGGGCCAA-  753 bp and 

blaCTX-M F CGCTTTGC GATGTGCAG, 

R ACCGCGATATC GTTGGT-  550 bp  
(10, 

11)
 

 

Results and Discussion 

 

Among the 95 isolates of gram negative 

bacilli, Escherichia coli and Klebsiella spp 

accounts the predominance of 37.9% & 

30.5%. Among the 95 GNB,49 were  ESBL 

producer with screening method. Among 49,    

38.9% were found to be ESBL producers by 

DDST & MIC test . 43.3% of E.coli & 

35.1% of Klebsiella spp were predominant 

ESBL producers. Urine was the predominant 

sample of isolation of ESBL producers 

(51.4). 
 

Globally, patients in the ICUs have 

encountered an increasing emergence and 

spread of antibiotic resistant pathogens. 

Although ICUs generally comprise 5% of all 

hospital bed, they account for 20% to 25% 

of all nosocomial infections. The increased 

risk of infections is associated with the 

severity of the patient contact with 

healthcare personal and length of stay in the 

ICU 
(12)

  

 

Infection and antibiotic resistance are 

important public health issues and the 

impact of increased drug resistance are far-

reaching beyond any doubt. Rise in 

antibiotic-resistant strains of bacteria is one 

of the major problem worldwide, mainly in 

hospitals, and also in the community which 

has proved difficult to control without 

effective resources and expenditure. 

 

In our study, (38.9%) were ESBL producers. 

The ESBL production varies between 17% 

to 70% , reported with various studies
.(13, 14)

  

 

By using phenotypic methods  for ESBL 

detection, we can  only confirm whether an 

ESBL is produced or not, but cannot detect 

the ESBL subtype. Definitive identification 

is possible only by molecular detection 

methods which is very essential for the 

epidemiological analysis.
 (15)

   

 

A study by Grover et al. on phenotypic and 

genotypic methods of ESBL detection 

concluded PCR to be a reliable method of 

ESBL detection 
(16)

    

 

Among the 37 ESBL producers, CTX- M 

(48.3%) were the predominant gene of 

isolation in our study. SHV and TEM were 

41.4 % and 17.2 % respectively. 

 

68.7% of E.coli & 23.1% of Klebsiella spp 

had CTX-M genes, 92.3% of Klebsiella spp 

showed SHV genes and 12.5% E.coli & 

23.1% of Klebsiella spp showed TEM 

genes.  
 

In this study conducted in our area, CTX-M 

was the predominant gene among E.coli, and 

SHV gene were prevalent in Klebsiella spp. 

SHV and TEM type ESBLs were dominant 
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all over the world in members of the family 

Enterobacteriaceae during the 1990s, but 

now appear less important than the widely 

distributed CTX-M enzymes 

 

 

Table.1 Distribution of ESBL Producers among the GNB 

 

Species  Total number ESBL producers Percentage (%) 

E.coli  36 16 43.3 

Klebsiella spp 29 13 35.1 

Proteus spp 17 4 10.8 

Pseudomonas aeruginosa 11 4 10.8 

Acinetobacter spp 2 0 0 

Total  95 37 38.9 % 

 

Table.2 Distribution of ESBL and the Specimens 

 

Specimens  (n=37) ESBL producers Percentage (%) 

Urine  19 51.4 

Drainage tube tips 6 16.2 

Wound swab 5 13.5 

Trachea bronchial 

aspirates 

4 10.8 

Blood  3 8.1 

 

Table.3 Distribution of ESBL Genes among the Species 

 

Isolates  CTX-M SHV TEM 

E.coli (n=16) 11(68.7%) - 2(12.5%) 

Klebsiella  

pneumonia (n=13) 

3(23.1%) 12(92.3%) 3(23.1%) 

Total  (n=29) 14 (48.3%) 12(41.4%) 5(17.2%) 

 

68.7% of E.coli harboured a CTX-M gene 

which is followed by TEM (12.5%) and 

none had SHV. The predominance of CTX 

gene in E.coli in our study is correlates with, 

the study of  Vaida et al. 
(17)

  
 

In the study of Amany et al, CTX- M was 

the main type of beta Lactamase, followed 

by TEM, then SHV.
 (18)

  CTX-M gene is the 

most prevalent ESBL encoding gene found 

worldwide and now it is replacing TEM and 

SHV types as the predominant ESBL in 

many European and Asian countries. 
( 19)

  

In our study, 92.3% of Klebsiella 

pneumoniae had SHV gene, 23.1% had 

CTX-M & 23.1% had TEM gene. 72% 

Klebsiella harboured SHV gene, was 

reported with the study of Sharma J et al. 
(15)

 

 

In a study conducted  at Chennai, the  bla 

CTXM to be predominantly isolated in 

E.coli and Enterobacter species and bla SHV 

to be predominantly found in Klebsiella and 

Enterobacter species, which is also 

concordant with our study
.(20)
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CTX-M type β lactamases may be the most 

frequent type of ESBL producing strains 

worldwide, and they were predominantly 

found in three geographic areas such as 

South America, the Far East and Eastern 

Europe, which has been  also reported in 

China, Japan, India, North America and 

Western Europe. 
(21)

 

 

ESBL continue to be the major challenge in 

clinical setups worldwide. The spread of 

ESBLs producing GNB has been rapidly 

increasing. This indicates that continuous 

monitoring system and effective infection 

control measures absolutely required. 
(1)

 

 

Conclusion  

 

E.coli and Klebsiella spp are the commonest 

ESBL producers and they were maximum in 

urine samples. Among the ESBL producers, 

CTX- M were the predominant gene of 

isolation followed by SHVand TEM. 

Infection among ICU patients might be 

hospital or community acquired and 

intensive care is a multi–disciplinary team 

effort lead by the microbiologist and 

supported as and when required by 

associated medical & surgical personnel’s. 

A sustained part the intensivist and the 

clinical microbiologist are essential for 

improving patient outcome & also for 

resource utilization. The possibility of 

minimising resistance by controlling the use 

of antibiotics is a rational approach, but the 

implementation of effective policies need, a 

combined approach of appropriate antibiotic 

use, effective surveillance and good 

infection control practices is essential to 

tackle the problem of antibiotic resistance. 
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