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Abstract 

Background: Resistance to broad spectrum beta lactam antibiotics due to ESBL/AmpC/MBL enzymes is an increasing 

problem worldwide. Estimation of their prevalence in the area is essential to formulate an effective antimicrobial policy 

for a particular hospital/area. Aim: The present study was done to know the prevalence of ESBL/AmpC/MBL in gram 

negative organisms isolated from clinical samples and their susceptibility pattern in a tertiary care hospital in northern 

India. Methods: Total of 160 isolates of gram negative organisms from clinical specimens were screened for the 

presence of various beta lactamases by standard phenotypic methods and their antibiotic susceptibility pattern to 

conventionally used antibiotics was determined by disc diffusion method as per CLSI guidelines. Results: 118 gram 

negative isolates showing reduced susceptibility to third generation cephalosporin’s were screened for ESBL/ AmpC/ 

MBL production. Beta lactamase production was seen in 74 out of the 160 gram negative isolates obtained from different 

samples. ESBL production alone or in combination with AmpC/MBL is seen in 60 isolates. ESBL/ AmpC and ESBL/ 

MBL coproduction was seen in 9 (5.6%) and 3 (1.9%) of the isolates respectively. Multi drug resistance was significantly 

higher in beta lactamase producers than non lactamase producers. Conclusions: There is need for continuous 

surveillance in the hospitals for the detection of various beta lactamases or resistant strains. Strict guidelines should be 

followed for antibiotic therapy so as to reduce burden of antibiotic resistance. Further phenotypic and genotypic studies 

should be undertaken to know the resistance pattern in bacteria. 
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Introduction 

Extended spectrum beta lactamases (ESBL) are 

protective enzymes produced by Gram negative bacteria 

which make them resistant to third generation 

cephalosporin e.g. ceftazidime and cefotaxime. They 

also make the organism resistant to penicillins as well 

as other classes of antibiotics thus making treatment 

options difficult. ESBL do not destroy cephamycin and 

their effect is blocked by clavulanic acid [1]. AmpC 

enzymes are again produced by gram negative bacteria 

but inhibition by clavulanic acid is poor in them. They 

make the organism resistant to cephalosporin, α-

methoxyβ- lactams (cefoxitin etc) and monobactam like 

aztreonam. They have no effect on cefepime and 

cefepirome. This different action on cephamycins and  
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b-lactamase inhibitors differentiates AmpC enzymes 

positive organisms from the ESBL producers [2]. 

Chromosomal or plasmid mediated resistance is the 

most common method of resistance in them. 

Carbapenems were the only hope for infections with 

these resistant bacteria. However this last barrier was 

also broken by carbapenemases (MBL) enzymes that 

started emerging worldwide and were able to destroy 

carbapenems. The metalloβ-lactamase in Gram negative 

bacteria are a challenge to the clinician as they destroy 

most of the known β-lactam antibiotics including 

carbepenems [3].  

 

For the effective treatment of infections with these 

resistant organisms, their early detection and revised 

treatment schedule accordingly should be instituted 

promptly. But their detection in ordinary laboratory is 
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not possible as various tests are required for their 

detection. Infections caused by these organisms are 

increasing very rapidly which is making the empiric 

therapy for these common infections ineffective. The 

magnitude of the resistance problem also depends upon 

the misuse of the antibiotics prevalent in that 

geographic area. Poverty, high circulation of 

substandard antibiotics as well as illiterate population in 

our country are all contributory factors for this health 

problem. High incidence of resistance leads to 

management problem in these gram negative infections 

[4].  

 

As there is insufficient data regarding expression of 

extended spectrum beta lactamases, AmpC and metallo-

β-lactamases by gram negative bacterial strains causing 

infections in Punjab in northern India. Therefore not 

much information is available on resistance pattern of 

gram negative bacteria in northern India. Consequently, 

area specific studies to see for their prevalence in the 

society is the need of the hour. On the basis of these 

studies empiric therapy for these resistant bacteria can 

be altered accordingly [5]. So the study was done to 

calculate the prevalence of beta lactamases produced by 

gram negative bacteria prevalent in northern part of 

India so as to help clinician in formulating an effective 

empiric therapy. 

Materials and Methods 

The study was done in Sri Guru Ram Das Institute of 

Medical Sciences and Research over a period of six 

months (July to December 2014) to calculate the burden 

of ESBL and AmpC/MBL producing strains among 

gram negative isolates from the various wards of the 

hospital. The gram negative strains isolated from 

different clinical specimens such as urine, pus, blood 

and body fluids were included in our study. These 

bacterial strains were identified by conventional culture 

and biochemical characters as per set standard 

technique [6]. 

 

Mueller Hinton agar (HiMedia) was used for doing the 

susceptibility testing by the disc diffusion method as per 

CLSI guidelines [7]. The following antibiotics of 

standard potency were used: ceftazidime, cefotaxime, 

cefepime, cefoxitin, ceftriaxone, meropenem, and 

imipenem, Piperacillin, amikacin, netilmicin, 

gentamicin, ciprofloxacin, piperacillin/ tazobactam, 

ticarcillin / clavulanic acid. 

 

All bacterial isolates having reduced sensitivity to 

ceftazidime (zone diameter of <22 mm), ceftriaxone 

(zone diameter of<25 mm) or cefotaxime as per CLSI 

guidelines were included in the study. These were 

further confirmed for the ESBL production by double-

disc diffusion method and double disc synergy test by 

using E. coli ATCC 25922 as control. 

 

After swabbing the isolates on muller hinton plate disc 

of ceftazidime and ceftazidime + clavulanic were 

placed apart. The plates were incubated at 37
0
C for 24 

hours. After incubation >5mm difference in the 

inhibition zone of ceftazidime + clavulanic acid disc as 

compared to ceftazidime disc alone was taken as ESBL 

positive. This was further confirmed by Triple ESBL 

Ezy MIC strip (himedia).  

 

This E strip contains a mixture of three different 

antibiotic with or without inhibitors like clavulanic acid 

in a concentration gradient. The strains having ratio of > 

8 when the MIC of mixture plus and mixture is 

compared respectively are taken as ESBL positive.  

 

Each isolate showing decreased sensitivity to 

ceftazidime, ceftriaxone, cefotaxime was swabbed on 

muller hinton plate and disc of and cefoxitin and 

cefoxitin + aminophenyl boronic acid were placed more 

than 30 mm apart. The plates were incubated at 37
0
C 

for 24 hours.  

 

After incubation >5mm increase in inhibition zone of 

cefoxitin plus aminophenyl boronic acid (APBA) disc 

as compared to cefoxitin alone was taken as positive for 

AmpC. Further these isolates were tested with modified 

three dimensional test and flattening of the inhibition 

zone confirmed AmpC production [8].
 

 

All isolates were further tested for MBL production 

with the disc of imipenem and imipenem in 

combination with EDTA placed at a distance of 20 mm 

apart on a muller hinton plate which was incubated 

overnight at 37
0
C. Difference in inhibition zone of > 7 

mm between the two was taken as positive for MBL 

production. P. aeruginosa ATCC 27853 was used as a 

negative control strain.  

 

This was confirmed by MBL E-test ( HiMedia) which is 

coated with mixture of Imipenem plus EDTA in a 

concentration gradient. One half of the strip was coated 

with Imipenem plus EDTA whereas other half was 

coated with Imipenem in a concentration gradient. 

When the ratio of values obtained was more than or 

equal to 8 (or no zone is obtained for Imipenem and 

zone obtained for Imipenem plus EDTA) strains were 

considered as MBL producers [9].  
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Results 

The total numbers of gram negative strains showing reduced sensitivity to third generation cephalosporins was 118. 

Confirmatory tests for ESBL/ AmpC/ MBL production was performed on these isolates. Beta lactamase production was 

seen in 74 out of the 160 gram negative isolates obtained from different samples. Beta lactamase production was highest 

in klebsiella species 26/41 (63.4%). Beta lactamase production was also high in non fermenters (acinetobacter) 7/12 

(58.3%) and in pseudomonas species 6/14 (42.8). Table 1 The distribution of different beta lactamases in gram negative 

isolates is given in table 2. ESBL production alone or in combination with AmpC/MBL is seen in 60 isolates. ESBL/ 

AmpC and ESBL/ MBL coproduction was seen in 9 (5.6%) and 3 (1.9%) of the isolates respectively. Table II 

 

Single beta lactamase (ie either ESBL or AmpC or MBL) was seen in 61/160 isolates and coproduction of beta 

lactamases ie either ESBL plus AmpC or ESBL plus MBL or AmpC plus MBL was seen in 13/160 isolates. Table 3 

ESBL alone was seen in 48/160 (30%) isolates. Again the highest no of ESBL was seen in klebsiella species 16/41 (39%) 

followed by E. coli 23/76 (30.2%).Table3 Antimicrobial resistance pattern of beta lactamase producers and non 

lactamase producers is shown in table 4. Multi drug resistance was significantly higher in beta lactamase producers than 

non lactamase producers. 

 

Table 1: showing beta lactamase production in gram negative organisms. 

Organism Total no Beta lactamase producer % of total 

E coli 76 30 39.47 

Klebsiella 41 26 63.41 

Pseudomonas 14 6 42.85 

Non fermenter 12 7 58.33 

Citrobacter 6 2 33.33 

Proteus 6 2 33.33 

Enterobacter 5 1 20.00 

 

Table 2: shows distribution of different beta lactamases among gram negative isolates. 

Type of enzyme Positive % age of total(n=160) 

ESBL 48 30.0 

AmpC 5 3.1 

MBL 8 5.0 

ESBL+ AmpC 9 5.6 

ESBL+MBL 3 1.9 

AmpC+ MBL 1 .6 

ESBL+MBL+ AmpC - - 

 

Table 3: showing ESBL/AmpC/MBL presence in various gram negative organisms. 

Organism 
ESBL 

No(%age) 

AmpC 

No(%age) 

MBL 

No(%age) 

ESBL+AmpC 

No(%age) 

ESBL+ 

MBL 

No(%age) 

AmpC+MBL 

No(%age) 

E coli 23(30.2) 2(2.6) 1(1.3) 3(3.9) 1(1.3) - 

Klebsiella 16(39.0) 1(2.4) 3(7.3) 4(9.8) 1(2.4) 1(2.4) 

Pseudomonas 2(14.3) 1(7.1) 2(14.3) 1(7.4) - - 

Non fermenter 3(25.0) - 2(16.7) 1(8.3) 1(8.3) - 

Citrobacter 1(16.7) 1(16.7) - - - - 

Proteus 2(33.3) - - - - - 

Enterobacter 1(20.0) - - - - - 



July- September, 2016/ Vol 2/ Issue 2                                                                                            ISSN 2456-1487                                                                                                  

                                                                                                                                                Research Article                                                                                                             

Tropical Journal of Pathology & Microbiology                                           Available online at: www.pathologyreview.in  73 | P a g e  

Table 4: Antimicrobial resistance pattern of beta lactamase producers and non beta lactamase producers. 

Antibiotic         

Antibiotic ESBL 

n=48 

AmpC 

n=5 

MBL 

n=8 

ESBL+ 

AmpC 

n=9 

ESBL+ 

MBL 

n=3 

MBL+ 

AmpC 

n=1 

Total beta 

lactamase 

Producers 

n=74 

Non beta 

lactamase 

Producers 

n=86 

Amikacin 17 1 3 2 1 0 24 16 

Gentamycin 36 2 6 6 2 1 53 40 

Piperacillin 40 4 4 6 2 1 57 30 

Cefotaxime 43 4 5 8 3 1 64 32 

Ceftrioxone 45 4 5 7 2 1 64 34 

Ceftazidime 48 5 4 9 3 1 70 38 

Cefipime 11 0 3 2 1 0 17 10 

Cefoxitin 0 5 4 9 0 1 19 8 

Ciprofloxacin 32 4 6 6 3 1 52 36 

P/T 2 4 5 5 1 0 17 8 

T/C 2 4 5 4 1 0 16 9 

Imipenem 0 0 8 0 3 1 12 0 

Discussion 

Multidrug resistant gram negative bacteria are emerging 

worldwide, challenging the clinicians, public health 

professionals, and hospital infection-control teams. 

There is a lower level of awareness of ESBLs and other 

enzymes like AmpC and MBL produced by gram 

negative bacteria among the clinicians as well as 

laboratory technicians or pathologists conducting the 

tests in the laboratories. Confusion persists regarding 

the test to be put up for their detection as well as 

regarding the available treatment options against them. 

Thus failure to promptly detect them has lead to their 

increased prevalence along with treatment failure when 

these enzymes are present [3]. The phenomenon of 

increasing resistance is seen worldwide but is more in 

our country with limited resources at our disposal for 

health related activities. The incidence of ESBL, AmpC 

and MBL producing strains among gram negative 

isolates has been increasing alarmingly leading to 

limited therapeutic alternatives. These enzymes are 

either plasmid or chromosomally mediated and can be 

easily transferred to other bacteria lacking them [10].  

 

Previously it was reported by various researchers that 

these enzymes were mostly seen in E coli and 

Klebsiella species. However in recent times there have 

been reports of these enzymes being produced by all 

bacteria of family Enterobactericeae as well as other 

gram negative bacteria [11]. In India, the burden of 

ESBL, AmpC beta lactamase and MBL producers vary 

from various hospitals, different wards and even  

 

 

between various sites of infections such as urinary tract 

infections and wound infections etc. However, most of 

the hospitals in India are lacking accessibility to 

prevailing antimicrobial susceptibility patterns. This 

may results in the inappropriate prescription of 

antibiotics for empirical treatments [11-13]. In view of 

these issues, the present study was designed to assess 

the current levels of resistance to antibiotics that are 

commonly used in our hospital and also to review the 

prevalence of ESBL, AmpC beta lactamase and MBL 

production among various gram negative bacterial 

isolates. 

 

In the current study, the incidence of ESBL producing 

organisms was found to be 60 (38.9%). In India the 

prevalence of ESBL production in gram negative 

isolates varies among different regions as well as 

different hospitals in the same region. Prevalence data 

varies from as low as 6.6% to as high as 68% [11-12]. 

However, this rate was comparable to the previous 

investigations carried out in the other regions of the 

country [13]. This reduced ESBL production among the 

gram negative isolates could be attributed to the 

judicious use of cephalosporins and good infection-

control measures in our hospital.  

 

The common isolates which are becoming resistant due 

to AmpC also belong to Ecoli and Klebsiella species 

among the family enterobacteriaceae. These strains are 

increasing becoming resistant to third generation 
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cephalosporins and cephamycins. Due to this high 

treatment failures with cephalosporins have been seen 

[14].
 
In a study in Virginia AmpC enzymes were found 

to be 1.2% in family enterobacteriaceae whereas we 

found the rate to be higher ie 15 (9.8%) [15]. In our 

study the AmpC β-lactamases production was 

comparable to that of Singhal et al (8%) [16].  

 

However it was lower than the other documented study 

in India [17]. This combination of various beta 

lactamases also pose a serious challenge for the 

diagnostic laboratories as well as the clinician. This 

coexistence of AmpC as well as ESBL in gram negative 

organisms was seen in 9 (5.6%) cases. This could be 

due to the transfer of plasmids containing genes for 

both Amp C and ESBL enzymes between members of 

the family enterobacteriaceae.  

 

The lower level of the AmpC producers in our study 

could be due to the differences in the geographical 

distribution. Carbapenems were the only treatment 

option for these coproducers of enzymes. But nowadays 

carbapenem resistant strains have been seen which is 

mostly due to MBL production. In our study, the MBL 

producers were 14 (8.8%). Our findings have 

similarities with the study which was done by Datta et 

al, who reported 7.8% MBL producers [18].  

 

The coexistence of ESBL and MBL was reported in 

1.9% isolates, whereas the AmpC and the MBL co 

production was shown by 0.6% isolates and the AmpC 

and the ESBL co production was shown in 5.6% 

isolates. Table 2  

 

In our study, the multidrug resistant strains showed co 

resistance to the fluoroquinolones and aminoglycosides 

along with the beta lactam antibiotics. But they were 

mostly susceptible to imipenam and the piperacillin- 

tazobactem combination, which was in concordance 

with the findings of similar study in the Indian 

subcontinent [12]. 

 

A number of tests have been done for the detection of 

beta lactamases. but the phenotypic tests are affordable 

and easy to perform than the genotypic tests. These tests 

are further divided into screening and confirmatory 

tests. Ceftazidime was found to be most effective 

among cephalosporins for detection of potential ESBL 

producers as seen in other reports also [19]. 

 

Incidence of multi drug resistance was significantly 

higher (p<.05) in isolates producing beta lactamases 

than isolates which are non beta lactamase producers.  

Table IV Carbapenem are the effective treatment 

options for the various beta lactamase producers but for 

MBL producers polymyxin B and colistin are the only 

option left for the clinician [16].  

 

So every hospital should plan the empiric therapy after 

seeing the incidence of beta lactamases in their wards.  

 

Failure to do that would lead to treatment failure and 

high mortality among the patients [17-19]. 
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