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Background & objectives: Detection of AmpC-mediated resistance in Gram-negative organisms poses
a problem due to misleading results in phenotypic tests. There are no recommended guidelines for
detection of this resistance mechanism and there is a need to address this issue as much as the
detection of extended spectrum beta lactamases (ESBLs) since both may co-exist and mask each
other. Though resistance to cefoxitin is used as a screening test, it does not reliably indicate Amp C
production. This study was undertaken to detect Amp C beta lactamases in certain Gram-negative
bacteria employing an inhibitor base test using boronic acid.

Methods: A total number of 76 consecutive non repetitive clinical isolates of Escherichia coli (n=67)
and 9 Klebsiella pneumoniae (n=9) obtained over a period of two months, were screened for amp C
production by disc diffusion method using cefoxitin (30 mg) dics and confirmed by inhibitor based
test using boronic acid as inhibitor.

Results: A total of 36 of 76 isolates (47.3%) screened harboured amp C enzymes, of which a majority
31 (86.1%) co-produced ESBL enzymes. Pure ampC production was seen in 7 (9.2%) of isolates
only.

Interpretation & conclusion: Most of the amp C producers also produced ESBL enzymes. The inhibitor
based test was useful in identifying cefoxitin susceptible amp C producers and could also effectively
differenciate ESBL from amp C producing isolates.
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Amp C b lactamases have gained importance since
the late 1970s as one of the mediators of antimicrobial
resistance in Gram negative bacilli. These enzymes are
cephalosporinases capable of hydrolyzing all b -lactams
to some extent1. Amp C b lactamases are of two types-
plasmid-mediated and chromosomal or inducible ampC.
Chromosomal ampC enzymes are seen in organisms such
as Citrobacter freundii, Enterobacter cloacae,

Morganella morganii, Hafnia alvei and Serratia
marcescens and are typically  inducible by b -lactam
antibiotics such as cefoxitin and imipenem but poorly
induced (if at all) by the third- or fourth-generation
cephalosporins2. In the late 1980s, these inducible
chromosomal genes were also detected on plasmids (most
without induction capabilities) and were transferred to
organisms, which typically do not express chromosomal
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b-lactamases such as Klebsiella spp., Escherichia coli,
or Salmonella spp.1. For clinical microbiologists,
detection of AmpC-mediated resistance in Gram-negative
organisms poses a problem because the phenotypic tests
may be misleading resulting in misreporting and
treatment failures. There are no recommended guidelines
for detection of this resistance mechanism and clinical
laboratories need to address this issue as much as the
detection of extended spectrum b-lactamases (ESBLs)
since both may co-exist and mask each other3. Screening
with cefoxitin disc is recommended for initial detection.
However, it does not reliably indicate Amp C production.
Some of the phenotypic tests include the three-
dimensional test4 , AmpC disc test5 and modified disc
diffusion test6. None of these tests are standardized and
can be time consuming when screening large numbers
of isolates.

We therefore undertook this study to estimate the
presence of Amp C beta lactamases in certain Gram-
negative bacteria by inhibitor based method using boronic
acid (BA)7 and also asses if this test could be used to
differentiate between ESBLs and amp C producers.

Material & Methods

This study was restricted to Escherichia coli and
Klebsiella isolates only as Clinical Laboratory
Standards Institute (CLSI) guidelines for ESBL
screening and confirmation are available only for these
species8. A total number of 76 consecutive non repetitive
clinical isolates E. coli (N=67) and Klebsiella
pneumoniae (N=9) were obtained in microbiology
laboratory of Sri Ramachandra Medical College &
Research Institute, Chennai, over a period of two months
(January-February 2006) for the study.The isolates were
obtained from the cultures of urine (65), wound (8),
blood (2) and bronchoalveolar lavage (10). Significant
proportions of the strains were from the hospitalized
patients (64) and seven among them were from patients
in the intensive care unit (ICU).

Antibiogram: Antibiotic susceptibility testing was
performed by the Kirby Bauer method on Mueller
Hinton agar according to CLSI protocols9. The drugs
tested (in µg) were ampicillin (10), cefazolin (30),
ceftazidime (30), cefotaxime (30), cefepime (30),
ciprofloxacin (5), gentamicin (5), amikacin (30) (Hi-
media Laboratories, Mumbai), piperacillin- tazobactam
(100/10), cefoxitin (30) and imipenem (10) (BD
Diagnostics, Bawal, District Rewari, Haryana, India).
E. coli ATCC 25922 and Klebsiella pneumoniae ATCC
700603 were used as control strains.

ESBL screen: Isolates were also tested for ESBL
production by the CLSI confirmatory method8 using
ceftazidime and cefotaxime disks with and without
clavulanic acid (10 µg). E. coli ATCC 25922 and K.
pneumoniae ATCC 700603, were used as negative and
positive controls. All the isolates were tested for
susceptibility to imipenem with E test strips (AB
Biodisk, Solna Sweden).

Inhibitor based test: All isolates were tested for amp C
beta lactamase production on disks containing boronic
acid7. A disk containing 30 µg of cefoxitin and another
containing 30 µg of cefoxitin with 400 µg of boronic
acid were placed on the agar. Similarly, discs of
ceftazidime (30 µg) and ceftazidime- clauvulanic acid
(30/10 µg) were placed on the medium at a distance of
30 mm. Inoculated plates were incubated overnight at
35°C. An organism demonstrating a zone diameter
around the disk containing cefoxitin and boronic acid
>5 mm than the zone diameter around the disk
containing cefoxitin alone was considered an amp C
producer. Likewise, an organism exhibiting 5 mm or
greater zone size increase around the ceftazidime -
clavulanic acid disk compared to the ceftazidime disk
was considered indicative of ESBL production.

Results & Discussion

Of the 76 isolates tested, 28 were susceptible to all
the antibiotics tested including the third generation
cephalosporins (3GC). Of the remaining 48 isolates
which exhibited 3GC resistance, 14 were resistant to
cefoxitin and the remaining 34 were susceptible to it.
All these 34 isolates exhibited a zone enhancement with
clauvulanic acid confirming their ESBL production. In
addition, 12 of 14 isolates which exhibited cefoxitin
resistance also had zone enhancement with clauvulanic
acid, thereby indicating both ESBL and amp C
production. Hence, only two of 14 isolates were
presumed pure amp C producers.

Of the 76 isolates 36, (47.3%) showed zone
enhancement of > 5 mm with boronic acid impregnated
disk and hence confirmed as amp C producers. This
included 12 isolates positive for both ESBL and amp C;
19 of 34 ESBL positive cefoxitin susceptible isolates and
5/28 3GC sensitive isolates screened negative for both
enzymes. All the isolates were susceptible to imipenem
with the E-test method (MIC 0.125 to 0.38 µg/ml).

Currently, CLSI documents do not indicate the
screening and confirmatory tests that are optimal for
detection of these beta lactamases8. However, several
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studies have been done on various test methods namely,
the three dimensional test4, modified double disk test6,
amp C disk test5, inhibitor based method employing
inhibitors like boronic acids7, broth micro dilution
method7 and cefoxitin agar method10. In spite of many
phenotypic tests, isoelectric focusing11 and genotypic
characterization12 are considered gold standard as the
results with the phenotypic tests can be ambiguous and
unreliable.

In our study, we screened E. coli and Klebsiella
pneumoniae as these were the most common isolates in
our clinical laboratory.

Amp C beta lactamase was detected in 47.3 per cent
isolates, four-fifths of which occurred in combination
with ESBLs. Pure amp C beta lactamases were detected
only in 9.2 per cent of the isolates. This prevalence was
higher when compared to the reports from other parts
of the world13,14. Two Indian studies15,16 reported 8 and
43 per cent prevalence of amp C beta lactamases.

It has been stated that the amp C beta lactamases
when present along with ESBLs can mask the phenotype
of the latter3. In this study, we found that both these
enzymes were equally expressed suggesting a possible
low level expression of amp C enzymes. However, in
all these amp C producers, we were not able to
distinguish between the chromosomal derepressed and
plasmid mediated enzymes as this requires genotypic
confirmatory tests. Three of the nine Klebsiella isolates
screened were amp C producers suggesting the presence
of plasmid mediated mechanism as these species do not
harbour chromosomal amp C genes3. The susceptibility
to ceftazidime and cefotaxime serves as a poor marker
for the identification of amp C enzymes7. It is known
that plasmid mediated amp C enzymes can sometimes
appear falsely susceptible to these drugs17. There are
newer Ambler class C (ACC) type of enzymes which
have relatively a lower activity to cefoxitin18 and hence
appear susceptible. In our study, 5 of the 7 amp C
producing isolates were susceptible to the third
generation cephalosporins and cefoxitin by the disc
diffusion method. This indicate the probable presence
of such ACC enzymes. This needs to be confirmed by
molecular methods. All isolates producing amp C beta
lactamases including K. pneumoniae were susceptible
to imipenem. This suggests the absence of outer
membrane porin defect frequently reported in such
species7.

The inhibitor based confirmatory method appears
promising for amp C detection as it increased the

sensitivity of the test by picking up additional amp C
producers. Boronic acid has been reported to be an
effective inhibitor of class C beta lactamases19-21. In
addition, it can also differentiate ESBL enzymes from
the amp C enzymes.

To conclude, a mixed type of drug resistance
mechanisms seem to operate in the isolates tested. There
is a need for a correct and reliable phenotypic test to
identify amp C beta lactamases and to discriminate
between pure amp C and ESBL producers. Inhibitor
based method using boronic acid appears to be effective
in discriminating this type of resistant isolates.
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