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Introduction
Gram-negative bacteria cause serious and potential life-threatening 
infections particularly in hospitalized patients. The injudicious use of 
broad-spectrum antibiotics can lead to colonization with resistant 
strains with an increase in morbidity, mortality, and significant 
economic loss. Multidrug-resistant organisms (MDRO) by virtue of 
production of various β-lactamases confer resistance to many classes 

1of antibiotics, particularly cephalosporins.

ESBLs are capable of conferring bacterial resistance to the penicillins, 
early and extended-spectrum cephalosporins, and aztreonam (but not 
to cephamycins or carbapenems) by hydrolysis of these antibiotics. 
These are inhibited by beta-lactamase inhibitors such as clavulanic 

2 acid, sulbactam and tazobactam. The ESBL producing organisms also 
express the AmpC β-lactamases and are co-transferred with the 
plasmids, thus mediating the fluoroquinolone and the aminoglycoside 

3,4resistance.

For detection of various types of ESBLs, molecular methods are the 
best but facilities are not available in most of the laboratories, 
especially in the developing countries. Therefore, various phenotypic 
methods are recommended for routine use to detect ESBL production. 
These methods used are tedious. Moreover, with the pharmaceutical 
pipeline running almost dry, rapid detection of such pan resistant 
organisms offers one of the best solutions to improve patient screening 
and hospital infection control practices.

The present study was undertaken to detect the prevalence of ESBLs in 
MDR isolates of family Enterobacteriaceae using various phenotypic 
tests.

Material and Methods: The present study was conducted in the 
Department of Microbiology, Pt. B.D. Sharma PGIMS Rohtak over a 
period of one year i.e from June 2016 to May 2017. Study was done on 
a total of 100 MDR isolates of Gram-negative bacilli of family 
Enterobacteriaceae, obtained from clinical samples (urine, blood, pus, 
sputum, stool, body fluids etc.) received in Microbiology laboratory 
from various inpatient and outpatient departments. All isolates were 
subjected to antimicrobial susceptibility testing by Kirby-Bauer disc 
diffusion method using Clinical and Laboratory Standard Institute 
(CLSI 2016) guidelines. Antibiotic discs used in the study were 
procured from Hi- media laboratories, Mumbai, India.  American Type 
Collection (ATCC) strain viz. E. coli. ATCC 25922 was employed as a 

5,6control strain.

The following antimicrobial discs were put up: ampicillin (10µg), 
gentamicin (10µg), amikacin (30µg), amoxicillin/ clavulanic acid 
(20µg/10µg), ampicillin/ sulbactam (10µg/10µg), ticaricillin/ 
clavulanic acid (75µg/10µg), cefuroxime (30µg), cefepime (30µg), 
ceftriaxone (30µg), cefotaxime (30µg), ciprofloxacin (5µg), 
levofloxacin (5µg), ertapenem (10µg), imipenem (10µg), meropenem 

(10µg), trimethoprim-sulfamethoxazole (1.25µg/23.75µg),  
aztreonam (30µg), ceftazidime (30µg), ofloxacin (5µg), norfloxacin 
(10µg), nitrofurantion (300µg), piperacillin/tazobactam (100 µg/10 
µg),  colistin(10µg) and polymyxin B(300 units).

ESBL Detection
Isolates showing reduced susceptibility to third generation 
cephalosporins were tested for ESBL production as per CLSI 
guidelines, method using sulbactam as inhibitory agent and method 
using chromogenic medium. 

CLSI method:
ESBL production was detected as per CLSI guidelines. The test 
organism was inoculated on MHA plate. A 30µg disc of ceftazidime 
and a 30µg disc of cefotaxime and another 30/10 µg disc of 
ceftazidime/ clavulanic acid and 30/10 µg disc of cefotaxime/ 
clavulanic acid were placed on surface of agar plate. The plates were 

0 0 then incubated at 35 C ± 2 C for 16-18 hours. An increase in zone 
diameter of ≥5mm for antimicrobial agent tested in combination with 
clavulanic acid verses its zone when tested alone was considered 

5positive for ESBL production.

Method using sulbactam as an inhibitory agent:
The test organism was inoculated on MHA plate as per CLSI 
guidelines. One 75µg disc of cefoperazone and 30 µg disc of 
ceftriaxone were placed on the surface of MHA plate and another 
75/30µg  disc of cefoperazone/sulbactam and  30/15µg ceftriaxone/ 
sulbactam were placed on the same agar plate at a distance of 
approximately 15mm from cefoperazone and ceftriaxone  respec-
tively. A ≥ 5mm increase in zone diameter for antimicrobial agent 
tested in combination with sulbactam versus its zone when tested alone 

7was considered positive for ESBL production.

Method using chromogenic medium: 
HiCrome ESBL Agar (procured from Hi-media laboratories, Mumbai, 
India) was inoculated with liquid suspension equivalent to 0.5 
McFarland turbidity. ESBL producing E.coli produced either pink or 
purple colonies. ESBL producing members of the KESC (Klebsiella 
spp, Enterobacter spp, Serratia spp and Haffnia spp.) group produced 
bluish green colonies; Proteus spp, Morganella spp. and Providencia 
spp. did not utilize any chromogen resulting in colourless to light 
brown colonies.

Statistical analysis
Two or more sets of variables were compared by using SPSS software. 
If the p-value was <0.05, it was considered to be statistically 
significant.

Results
Among the 100 MDR isolates studied, ESBL production was seen in 
70 (70%) isolates by CLSI method, when clavulanic acid was used as 
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Introduction: ESBL producing members of family Enterobacteriaceae have been responsible for numerous outbreaks of 
infection throughout the world. ESBL detection thus propagates the use of higher end antibiotics.

Material and methods: A total of 100 non repetitive MDR strains isolated from various clinical samples were included in our study. All isolates  
were identified by standard microbiological techniques and antimicrobial susceptibility pattern was determined. Detection of ESBL production 
was carried out by three methods: phenotypic confirmatory test (CLSI method), method using sulbactam as inhibitor and chromogenic medium.
Results: ESBL production was seen in 70 (70%) isolates by CLSI method, whereas 68 (68%) isolates showed ESBL production when sulbactam 
was used as the inhibitory agent. By using chromogenic medium, 77 (77%) out of 100 isolates showed ESBL production.
Conclusion: Chromogenic media are rapid and better screening method for ESBL detection.
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inhibitor. ESBL production was seen highest in E. coli ( 52.85% ) 
followed by Klebsiella spp. (30%) and Proteus spp.(7.14%). 
Prevalence of ESBL production was studied by other phenotypic 
methods also. Table 1 shows evaluation of these methods in 
comparison to the CLSI method (gold standard). 

Table 1: Comparison of various methods of ESBL detection in 100 
MDR isolates

On comparing various phenotypic methods for ESBL production, it 
was found that 68 (68%) isolates showed ESBL production when 
sulbactam was used as the inhibitory agent whereas 77 (77%)  isolates 
showed ESBL production by using chromogenic medium.

Statistical analysis of different methods is shown in table 2.

Table 2: Statistical analysis of different methods of ESBL detection 
in 100 MDR isolates

NPV-Negative predictive value; PPV-Positive predictive value

On analysis of various methods of ESBL detection, it was found that 
the sensitivity of chromogenic medium was 100% while that of 
method using sulbactam was 97.1%. The specificity of chromogenic 
medium for ESBL detection was 85% while that of method using 
sulbactam was 100%. The positive predictive value of method using 
chromogenic medium was 90.9% whereas that of method using 
sulbactam was 100%. The negative predictive value of method using 
chromogenic medium was 100% whereas that of method using 
sulbactam was 93.7%. 

Discussion
The rate of antimicrobial drug resistance and particularly of multiple 
drug resistance are increasing among Enterobacteriaceae, thus 
limiting the armamentarium of potentially active antimicrobial agents. 
Of particular importance are pathogens of this family that produce β-
lactamases with a broad profile of substrate activity such as extended-
spectrum β-lactamases (ESBLs). The high prevalence of these 
organisms in the ICUs emphasizes the need for an early detection of the 
β-lactamase producing organisms by simple screening methods, which 

3can help in providing an appropriate antimicrobial therapy.         

The prevalence of bacteria producing ESBLs varies from 20-71% in 
8,9India and 8-45% worldwide.  In the present study 70% of MDR 

isolates were ESBL producers. E. coli was the predominant ESBL 
producer. Similar findings were reported in a study by Gupta et al. and 

10,11 Siddiqui et al. We observed that a majority of the isolates in our 
study were susceptible to imipenem (77.2%). Similar findings were 

11,12 reported by Siddiqui et al and Ravikant et al. However this drug 
should be used as reserve one, avoiding its irrational use thus 
preventing the emergence of resistance.  

Different methods were used in the present study for detection of 
ESBL production.  The confirmatory method recommended by CLSI 
had detected ESBL production in 70% of isolates. With method using 
sulbactam as inhibitory agent, 68 (68%) out of 100 MDR isolates were 
detected to be ESBL producers. The sensitivity and specificity of this 
method when compared with CLSI method was 97.1% and 100% 
respectively. Although clavulanic acid is more potent than sulbactam, 
its ability to induce AmpC production may interfere with ESBL 

13 production. AmpC producing organisms act as hidden reservoirs for 
ESBLs. Such isolates, when tested by clavulanic acid inhibition test, 
produce high levels of AmpC enzymes thus masking the effect arising 

due to inhibition of ESBLs.  False negative results are seen in such 
cases. Induction of AmpC β-lactamases is less likely with sulbactam 
and tazobactam  which are thus considered as preferable inhibitors for 

14ESBL detection tests.

In our study, out of 100 MDR isolates, 77 were ESBL producers by 
method using chromogenic medium. Sensitivity of this method was 
found to be 100% while specificity was 85%.  In a study done by 
Kaluzna et al, using the CHROMagar ESBL and ChromID ESBL for  
detection of ESBL-positive strains of E. coli, maximum number of 
positive results were obtained. The results of these studies and the 
results of our own suggest that chromogenic media for the detection of 
ESBL-positive strains are characterized by a relatively high 
sensitivity, but lower specificity, which creates the risk of false-

15positive results.

Conclusion
The high prevalence of ESBLs emphasizes the need for their early 
detection by simple screening methods, which can help in providing an 
appropriate antimicrobial therapy. In our study, chromogenic media 
were found to have high sensitivity, whereas method using sulbactum 
has high specificity, when compared with CLSI method. Routine 
screening for ESBL-producing bacteria using chromogenic culture 
medium can be adopted in Clinical Microbiology Laboratories. 
Though expensive, it significantly reduces the need for other 
phenotypic confirmatory test or molecular tests which are time 
consuming and require technical expertise.
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Name of Method ESBL producers ESBL non producers
No. Percentage 

(%)
No. Percentage 

(%)
CLSI method 70 70 30 30
Method using sulbactam 
as inhibitory agent

68 68 32 32

Method using 
chromogenic medium

77 77 23 23

Method Sensitivity
(%)

Specificity
(%)

NPV(%) PPV(%)

Chromogenic medium 100 85 100 90.9
Method using sulbactam 
as inhibitory agent

97.1 100 93.7 100
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