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Phenotypic methods for detection of various β-lactamases in 
Gram-negative clinical isolates: Need of the hour

Abstract

Background: Many clinical laboratories have problems detecting various β-lactamases. Confusion exists about 
the importance of these resistance mechanisms, optimal test methods, and appropriate reporting conventions. 
It is more imperative to use various phenotypic methods for detection of various β-lactamases in routine 
microbiology laboratory on day-to-day basis to prevent antimicrobial resistance by evidence-based judicious use 
of antimicrobials. Aims: In view of the multidrug-resistant organisms being reported world over, we planned a 
cross-sectional prospective analytical study to determine resistance mechanism by various β-lactamases in Gram-
negative clinical isolates using various phenotypic methods. Materials and Methods: All nonrepeat, nonenteric 
clinical isolates of Gram-negative bacilli, resistant to at least two third-generation cephalosporins, were first 
screened by Novel disc placement method, and isolates showing multiple mechanisms of resistance and reduced 
zone of inhibition for imipenem were further confirmed for AmpC and metallo β-lactamases. Statistical Analysis: 
All the data was managed and analyzed in Microsoft Excel. Results: Out of 807 isolates tested, as many as 795 
(98.51%) revealed the presence of extended-spectrum β-lactamases (ESBLs). Only 10 isolates of Escherichia coli 
and 2 of Klebsiella pneumoniae did not show production of ESBL. A total of 450 (55.76%) isolates produced single 
enzyme,while 345 (42.75%) strains revealed multiple enzyme production simultaneously. Only ESBL production 
was seen in 315 (39.03%) strains, only AmpC in 75 (9.29%) and only MBL in 60 (7.44%) strains, while ESBL 
and AmpC together were seen in 219 (27.14%) and AmpC plus MBL in 92 (11.40%) strains. However, ESBL plus 
MBL were never observed together. All three enzymes were simultaneously detected in 34 (4.21%) strains. 
Conclusion: This innovative method of disc placement makes it easy, affordable, and reliable method for routine 
use by basic microbiology laboratories for detection of various β-lactamases, pending confirmation for AmpC and 
metallo β-lactamase by three-dimensional test and double disc potentiation test, respectively.
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Introduction

Infections due to Gram-negative bacilli are on rise world 
over. The rampant 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 of antibiotics, particularly cephalosporins.[1] Extended-

spectrum β-lactamases (ESBLs), have the ability to hydrolyze 
and cause resistance to various types of the newer β-lactam 
antibiotics, including cephalosporins like cefotaxime, 
ceftriaxone, ceftazidime, and monobactams (e.g., aztreonam), 
but not the cephamycins (e.g., cefoxitin and cefotetan) and 
carbapenems (e.g., imipenem, meropenem, and ertapenem).[2]

The gene coding for β-lactamases constantly mutates 
under heavy antibiotic pressure to produce resistant 
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strains with broad spectrum of activity. Plasmid-mediated 
AmpC β-lactamases have arisen through the transfer of 
chromosomal genes for the inducible AmpC β-lactamase 
onto plasmids. This transfer has resulted in plasmid-
mediated AmpC β-lactamases in isolates of Escherichia 
coli, Klebsiella pneumoniae, Salmonella spp., Citrobacter 
freundii, Enterobacter aerogenes, and Proteus mirabilis.[3]

Metallo β-lactamases (MBLs) are important because of their 
ability to hydrolyze almost all drugs including carbapenems 
as well as aminoglycosides and fluoroquinolones and an 
ability to rapidly disseminate as they are plasmid mediated.[4]

Although transmission of MDROs is most frequently 
documented in acute care facilities, all healthcare settings 
are affected by the emergence and transmission of 
antimicrobial-resistant microbes. The severity and extent of 
disease caused by these pathogens vary by the populations 
affected and by the institutions in which they are found.

Many clinical laboratories have problems in detecting various 
β-lactamases. Confusion exists about the importance of 
these resistance mechanisms, optimal test methods, and 
appropriate reporting conventions. 

In view of need of cheap and easy methods for the diagnosis 
of various β-lactamases in basic microbiological laboratories 
ensuring an evidence-based medicine as prescribed by CDC, 
we planned a cross-sectional prospective analytical study to 
determine resistance mechanism by various β-lactamases 
in Gram-negative clinical isolates using various phenotypic 
methods.

Materials and Methods

The study was a cross-sectional prospective analytical study 
between November 2009 and July 2010. The study included 
807, nonrepeat, nonenteric clinical isolates of Gram-
negative bacilli collected over a period of 9 months from 
tertiary care hospital catering to rural population in central 
India. The isolates were from varied specimens obtained 
from patients of any age and either sex from IPD and OPD 
of various departments and showed resistance to at least 
two or more of the third-generation cephalosporins on 
routine antimicrobial susceptibility testing by disc diffusion 
method.[3] The isolates comprised 303 (35.54%) E. coli, 
202 (25.03%) K. pneumoniae, 217 (26.88%) Pseudomonas 
aeruginosa, 50 (6.19%) nonfermenters, 20 (2.47%) Proteus 
species, and 15 (1.85%) Citrobacter species.

Disc placement method
All the selected strains were tested by disc placement method 
described earlier.[5] The lawn culture of test organism 
was made on Muller–Hinton agar (MHA) as done for disc 
diffusion antimicrobial susceptibility test. In the center of 
the plate, imipenem (10 µg) (Inducer) disc was applied. At 

the distance of 20 mm, the disc of cefotaxime (30 µg) was 
placed. From this disc, in a circular manner, clockwise, the 
discs of cefoxitin (30 µg) (Inducer), ceftriaxone (30  µg), 
ceftazidime (30 µg), ceftazidime + clavulinic acid (30/10 
µg), and aztreonam (30 µg) were placed such that any two 
adjacent discs were 20 mm apart from center to center 
[Figure 1]. On overnight aerobic incubation at 37°C, 
the diameters of zones of inhibition were measured and 
interpreted as follows:

Extended-spectrum b-lactamase
(i)	 Zone diameter for aztreonam ≤27 mm, cefotaxime 

≤27 mm, ceftazidime ≤22 mm, and ceftriaxone ≤25 mm.[6,7]

(ii)	 Susceptible to cefoxitin.[8]

(iii)	Increase in zone size with addition of inhibitor (ceftazidime 
+ clavulanic acid) by 5 mm or more [Figure 2].[8]

Figure 2: Novel disk placement method indicating ESBL-
producing strain having increased  zone size with ceftazidime + 
clavulunic acid and sensitive to cefoxitin

Figure 1: Novel disk placement method
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Figure 3: Novel disk placement method indicating  group 
1-inducible β-lactamase-producing strain having flattening of 
zone of inhibition toward inducer (imipenem) 

Figure 4: Novel disk placement method indicating  presence of 
multiple mechanism without metallo β-lactamase as strain is 
sensitive to imipenem

Figure 5: Novel disk placement method indicating presence of 
multiple mechanism with MBL as strain is resistant to imipenem

AmpC 
(a)	 Inducible
	 (i) Blunting of zone toward inducer [Figure 3]
	 (ii) No increase of zone size with addition of inhibitor
(b)	 Derepressed mutants (DM)
	 (i) Resistant to cefoxitin and cefotaxime
	 (ii) No increase of zone size with addition of inhibitor

Metallo β-lactamases
Strains showing resistance to imipenem. 

Multiple mechanisms
(i)	 Resistant to cefoxitin
(ii)	 Blunting of zone toward inducer
(iii)	Increase of zone size with addition of inhibitor by 5 mm 

or more [Figures 4 and 5].

All isolates showing AmpC β-lactamases (inducible and DM) 
were further confirmed by modified three-dimensional test. 

Modified three-dimensional test for AmpC 
β-Lactamase
Briefly, fresh overnight growth from MHA was transferred 
to a preweighed sterile microcentrifuge tube. The tube 
was weighed again to ascertain the weight of the bacterial 
mass. The technique was standardized so as to obtain 
10–15 mg of bacterial wet weight for each sample. The 
growth was suspended in peptone water and was pelleted 
by centrifugation at 3000 rpm for 15 min. Crude enzyme 
extract was prepared by repeated freeze–thawing seven 
times. Lawn cultures of E. coli ATCC 25922 were prepared 
on MHA plates and cefoxitin (30 µg) discs were placed on 

the plate. Linear slits (3 cm) were cut using a sterile surgical 

blade 3 mm away from the cefoxitin disc. Small circular wells 
were made on the other end of the slits at 5 mm distance, 
inside the outer edge of the slit, by stabbing with a sterile 
pasture pipette on the agar surface. The wells could easily 
be loaded with the enzyme extract in 10 µL increments 
until the well was filled to the top. Approximately 20–30 µL 
of extract was loaded in the wells. The plates were kept 
upright for 5–10 min until the solution dried and were then 
incubated at 37°C overnight [Figure 6].[9]

The isolates showing resistance to imipenem were tested by 
Hodge test for MBL production and further confirmed by 
double disc potentiation test.[10,11] 

Modified hodge test
An overnight culture suspension of E. coli ATCC 25922 
adjusted to 0.5 McFarland standard was inoculated using a 
sterile cotton swab on the surface of a MHA. After drying, 
10 μg imipenem disc  was placed at the center of the plate 
and the test strain was streaked heavily from the edge of the 
disc to the periphery of the plate. The plate was incubated 
overnight at 37°C. Indentation produced in the zone of 
inhibition produced by the imipenem indicates a positive 
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test. Maximum four strains can be tested at a time (all four 
directions) which gives a presence of a “cloverleaf shaped” 
zone of inhibition if all four test strains are positive for MBL 
production [Figure 7].[10]

Double disc potentiation test
A 0.5 M EDTA solution was prepared by dissolving 186.1 g 
of disodium EDTA. 2H2O (REACHEM, Chennai, India) in 
1000 ml of distilled water. The pH was adjusted to 8.0 by 
using NaOH (HI-MEDIA) and was sterilized by autoclaving. 
An overnight liquid culture of the test isolate was adjusted 
to a turbidity of 0.5 McFarland standard and spread on the 
surface of a MHA plate. Two 10 μg imipenem discs were 
placed on the agar 15 mm apart (center to center). 10 μl of 
0.5 M EDTA is added to one of the imipenem disc to get a 
desired concentration of 750 µg. After incubating overnight 
at 37°C, the presence of an expanded growth inhibition 
zone between the two discs or increase of zone size of more 
than 7 mm in the disc potentiated with the EDTA (chelating 
agents) was interpreted as positive for MBL production 
[Figure 8].[11,12] 

All the tests and their interpretations are according to the CLSI 
guidelines and well-accepted methods by various authorities.[9-12]

Results

Out of 807 isolates tested, as many as 795 (98.51%) revealed 
the presence of ESBLs. Only 10 isolates of E. coli and 2 of 
K. pneumoniae did not show production of ESBL.

The ESBL-positive isolates were found to be producing three 
different enzyme classes, i.e., ESBL, AmpC, and MBL, either 
single or in combinations with varying frequencies. The 
frequency distribution of these three enzymes in various 
strains is shown in Table 1.

A total of 450 (55.76%) isolates produced single enzyme, 
while 345(42.75%) strains revealed multiple enzyme 
production simultaneously. Table 2 depicts this frequency 
among different species tested.

Only ESBL production was seen in 315 (39.03%) strains, 
only AmpC in 75 (9.29%), and only MBL in 60 (7.44%) 
strains. while ESBL and AmpC together were seen in 219 
(27.14%) and AmpC plus MBL in 92 (11.40%) strains. 
However, ESBL plus MBL were never observed together. All 
three enzymes were simultaneously detected in 34 (4.21%) 
strains. The distribution of production of ESBL, AmpC, and 
MBL, either single or in combination by different species, is 
presented in Table 3.

The detection of production of AmpC and MBL by disc 
placement method used in this study had an absolute 
correlation with the confirmatory tests done, respectively, 
for both these enzymes.

Figure 7: Hodge test for screening of metallo β-lactamase where 
the positive strain is producing indentation in zone of inhibition of 
imipenem to E. coli ATCC 25922

Figure 8: Double disk potentiation test showing increase in zone 
size with imipenem disk potentiated with EDTA to test strain 
when compared with plain imipenem disk

Figure 6: Three-dimensional test for detection of AmpC 
β-lactamase with negative control
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Discussion

Cephalosporins are currently the drugs of choice for 
infections caused by the Enterobacteriaceae. The extensive 
use of third-generation cephalosporins has resulted in the 
increased prevalence of ESBL and plasmid-mediated AmpC 
among these organisms.

An indiscriminate administration of betalactams also 
increases the risk of colonization of hospitalized patients 
with ESBL-producing Enterobacteriaceae. Such organisms 
are usually derived from colonized healthcare settings. Recent 
studies showed an increased prevalence of community-
acquired infections with ESBL-producing organisms.[13]

The occurrence of MDRO not only limits the therapeutic 
options but also poses a challenge for microbiology 
laboratories to identify them. The detection of the 
coproduction of various β-lactamases singly or in 
combinations is essential for enhanced infection control and 
effective antimicrobial therapy. Although ESBL detection 

and reporting is recommended routinely by CLSI, it lacks 
guidelines for the AmpC or MBL or combination of various 
β-lactamases .Several studies have been done for phenotypic 
detection of AmpC and metallo β-lactamses.[1-6,9-12,14-19]

Our study was planned to look for simple phenotypic methods 
to detect organisms producing ESBL, group  1-inducible 
AmpC β-lactamases, plasmid-mediated AmpC β-lactamases, 
MBL, and or combinations of the above at one go.

All the isolates that were showing resistance to third-
generation cephalosporins (zone of inhibition less than 
prescribed in CLSI guidelines 2010) were taken for the study 
as they are potential isolates showing either ESBL or AmpC 
β-lactamases. In a recent study, Aarestrup FM et al studied 
the efficacy of eight different cephalosporins and showed 
that cephalosporin-resistant strains predict the presence 
of various β-lactamases.[20] In our study, out of 807 isolates 
tested, as many as 795 (98.51%) revealed the presence of 
ESBLs. Only 10 isolates of E. coli and 2 of K. pneumoniae 
did not show production of ESBL, thus indicating that 

Table 3: The distribution of production of ESBL, AmpC and MBL, either single or in combination by different species
Organism (n) ESBL (%) AmpC (%) MBL (%) ESBL+ AmpC (%) AmpC+ MBL (%) ESBL+ AmpC+ MBL (%)

E. coli (293) 125 (41.25) 28 (9.24) 21 (6.93) 110 (36.30) 7 (2.31) 2 (0.66)
Klebsiella (200) 25 (12.38) 35 (17.33) 5 (2.48) 78 (38.61) 32 (15.84) 25 (12.38)
Pseudomonas (217) 128 (58.99) 5 (2.30) 22 (10.14) 22 (10.14) 35 (16.13) 5 (2.30)
Non fermenter (50) 10 (20.0) 6 (12.0) 10 (20.0) 5 (10.0) 17 (34.0) 2 (4.0)
Proteus (20) 19 (98.0) 0 (0.00) 0 (0.00) 1 (5.0) 0 (0.00) 0 (0.00)
Citrobacter (15) 8 (53.33) 1 (6.67) 2 (13.33) 3 (20.0) 1 (6.67) 0 (0.00)
Total (795) 315 (39.03) 75 (9.29) 60 (7.44) 219 (27.14) 92 (11.40) 34 (4.21)

(Excluding a total of 12 isolates without β-lactamases)

Table 2: Depicts frequency of single or multiple β-lactamases amongst different species tested
Organism Total no of strains No ESBL activity Number tested Single enzyme (%) Multiple enzymes (%)

E. coli 303 10 293 174 (57.43) 119 (39.27)
Klebsiella 202 02 200 65 (32.18) 135 (66.83)
Pseudomonas 217 00 217 155 (71.43) 62 (28.57)
Non fermenters 50 00 50 26 (52.0) 24 (48.0)
Proteus sp. 20 00 20 19 (95.0) 1 (05.0)
Citrobacter sp. 15 00 15 11 (73.33) 4 (26.67)
Total 807 12 795 450 (55.76) 345 (42.75)

ESBL - Extended-spectrum β-lactamase; MBL - Metallo β-lactamases

Table 1: Shows frequency distribution of ESBL. AmpC & MBL in various strains 
Organism Number tested ESBL producers (%) AmpC producers (%) MBL producers (%)

E. coli 303 237 (78.22) 147 (48.52) 30 (9.91)
Klebsiella 202 128 (63.37) 170 (84.16) 62 (30.69)
Pseudomonas 217 155 (71.43) 67 (30.88) 62 (28.57)
Non fermenters 50 17 (34.00) 30 (60.00) 29 (58.00)
Proteus sp. 20 20 (100.0) 1 (05.00) 0 (0.00)
Citrobacter sp. 15 11 (73.33) 5 (33.33) 3 (20.00)
Total 807 568 (70.38) 420 (52.05) 186 (23.05)

ESBL - Extended-spectrum β-lactamase; MBL - Metallo β-lactamases
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screening for resistance with at least two third-generation 
cephalosporins indicate presence of ESBL in a majority of 
isolates. 

 A very simple method of placement of discs was used for 
detection of various β-lactamases. Imipenem disc in the 
center and cefoxitin disc acts as an inducer. Side by side 
placement of ceftazidime and ceftazidime + clavulanic 
acid disc around imipenem will show the ESBL-producing 
organisms as ESBLs are inhibited by clavulanic acid. The 
blunting of zone of inhibition of other cephalosporin discs 
(cefotaxime and ceftriaxone) toward inducers indicates the 
presence of inducible β-lactamases. The disc antagonism 
method given by Sander’s et al is created here by placing the 
ceftriaxone and cephotaxime discs adjacent to cefoxitin.[21]

Resistance to cefoxitin with non inhibition of β-lactamase 
by clavulanic acid indicates constitutive production of AmpC 
β-lactamase. Decreased zone size of imipenem indicates 
presence of MBL. Resistance to cefoxitin, blunting of zone 
toward inducer, and increase of zone size with addition of 
inhibitor by 5 mm or more indicate multiple mechanisms 
involved.

The results of this study indicate that ESBL production is 
a major mechanism of resistance to cephalosporins among 
Gram-negative bacteria. Our study of phenotypes indicates 
that these organisms produce ESBL, AmpC, and MBL, but 
with varying frequencies. Over two third strains produce 
ESBLs, half will produce AmpC and about a quarter MBL. 
While most of the Gram-negative organisms tend to 
produce ESBL more frequently, Klebsiella produces AmpC 
and nonfermenters tend to produce AmpC and MBLs.

In over half (55.76%) strains, organisms conferred 
resistance by producing a single class of enzyme, but in 
42.75% instances multiple resistance enzymes operate, 
which certainly is a matter of concern. Klebsiella again tends 
to produce multiple enzymes more frequently (66.83%). 

The distribution of the three enzyme classes among all the 
species studied presented a characteristic pattern. When 
resistance was conferred by producing a single enzyme, it 
was commonly the ESBL producer but AmpC and MBLs were 
more commonly seen when the multiple enzyme production 
was observed. In this study, 4.21% of the total isolates 
produced all the three, viz, ESBL, AmpC, and MBL. Although, 
prima facie the number appears to be small, but it sounds an 
alarm for existence of pathogens likely to be highly resistant. 

In a similar study, Gupta et al from Chandigarh has reported 
69% ESBL producers among 100 cephalosporin resistant 
strains, more commonly in E. coli.[22] while in their study 
of 228 isolates involving E. coli and Klebsiella Shiju, MP 
et al reported 59.65% ESBL production in cephalosporin-
resistant strains.[23] Similarly in their comparison of 

methods for detection of ESBL, Giriyapur RS has reported 
a upto 63.89% ESBL production in strains initially screened 
by third-generation cephalosporins.[24]

Rodrigues C. et al have evaluated 286 isolates resistant to 
third-generation cephalosporins and reported 151 (53%) 
ESBL producers, of which 131 (46%) were also showing 
AmpC β-lactamase, 40 (14%) were plain AmpC, while 
inducible AmpC β-lactamase production was seen in 19 (7%) 
isolates; the majority of isolates being E. coli and Klebsiella.[5] 

Mohamudha PR et al in 2010 evaluated a total of 235 strains 
from tertiary care hospital in south India with 134 strains 
resistant to third-generation cephalosporins, of which 63 
(47%) were plasmid-mediated AmpC β-lactamase producers.[25]

In our study, expressions of various β-lactamases either 
singly or in combination are in agreement with the other 
studies. The findings in the study are from tertiary hospital 
in the rural settings and high level of single or multiple ESBL 
mechanism in MDRO is definitely alarming necessitating 
an urgent need for evidence-based medicine particularly 
in rural settings where laboratory facilities are lacking and 
antibiotics are being rampantly used by the quacks. This 
also calls for the concerted efforts to bring all laboratories 
under the umbrella of quality practice to meet national 
standards to combat antimicrobial resistance. This can 
be best achieved through creating awareness and training 
in good clinical laboratory practice, to follow standard 
procedures, quality control, and quality assurance. Standard 
practice on antimicrobial testing must be strictly adhered to 
in the laboratory. 

The automated methods used for antimicrobial sensitivity 
testing fail to discriminate between various β-lactamases 
identifying only the ESBL and requiring manual methods for 
confirmation.[26,27] The genotypic methods can give a confirmed 
evidence of presence β-lactamases but are costly and not 
available at grass root levels. So in a resource-poor developing 
countries, this innovative disc placement method is easy and 
interpretation is also very easy. This is an affordable and 
reliable method for detection of various β-lactamases pending 
confirmation for AmpC and MBLs by three-dimensional test 
and DDPT, respectively. In our study, 100% of the isolates 
indicating AmpC and MBLs production were further confirmed 
by these confirmatory tests. These phenotypic methods are 
easy and are able to discriminate between various mechanisms 
which even the automated methods fail to do.

A large-scale multicentric study involving private 
microbiology laboratories for detection of β-lactamases 
with this cheap method which is easy to interpret is need 
of the hour so as to know the exact burden of these ESBL-
producing MDROs in the community and also for evidence-
based antibiotic policy initiation by the treating physicians, 
to curb the menace of MDRO prevailing in the society. 
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Studies should also be undertaken to compare the results 
with genotypic and automated methods to substantiate the 
findings of this simple phenotypic method.

This will be positive step forward toward WHO’s World 
Health Day theme this year to combat drug resistance 
“Antimicrobial resistance- No action today, No cure 
tomorrow.”
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