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Klebsiella spp.
spp are mainly AmpC and Extended spectrum β
penicillins, cephalosporins and monobactams but are inhibited by clavulanic acid.
lactamases confer resistance to oximino cephalosporins, alpha methoxy beta lactams and 
monobactams. In the present study, a total of 100 isolates of 
specimenswere processed in the Department of Microbiology, Ba
Research Institute, Bengaluru for detection of antibiogram pattern, ESBL and AmpC production. 
Antimicrobial susceptibility testing by Kirby
Laboratory Standards Institute (CLSI) 201
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INTRODUCTION 
 
Klebsiella spp. are members of family Enterobacteriaceae
encountered frequently as opportunistic pathogens in clinical 
settings. The common sites for nosocomial infections caused 
by Klebsiella spp. include the urinary tract, lower respiratory 
tract, biliary tract, and surgical wound sites. People at high risk 
are middle-aged to older men with alcoholism, diabetes, or 
chronic bronchopulmonary disease. Cephalosporins are 
considered as first line drugs against 
Inappropriate use of β-lactams against Gram nega
has resulted in the widespread development of drug resistance 
which is transferred among the bacteria by various genetic 
mechanisms. β-lactamases confer resistance to most β
antibiotics. In Klebsiella spp., the β-lactamases mainly 
produced are AmpC and Extended spectrum β
(ESBLs). ESBLs, belonging to group 2be according to Bush
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ABSTRACT 

Klebsiella spp. are commonly encountered bacterial pathogens. β
are mainly AmpC and Extended spectrum β-lactamases (ESBLs). ESBLs, confer resistance to 

penicillins, cephalosporins and monobactams but are inhibited by clavulanic acid.
lactamases confer resistance to oximino cephalosporins, alpha methoxy beta lactams and 
monobactams. In the present study, a total of 100 isolates of Klebsiella spp.
specimenswere processed in the Department of Microbiology, Ba
Research Institute, Bengaluru for detection of antibiogram pattern, ESBL and AmpC production. 
Antimicrobial susceptibility testing by Kirby-Bauer technique was done according to Clinical 
Laboratory Standards Institute (CLSI) 2012 recommendations and detection of ESBL production was 
performed by Phenotypic confirmatory method recommended by CLSI. AmpC production was 
initially screened using Cefoxitin resistance and later confirmed by the use of an inhibitor based 
method employing Boronic acid. 32 Klebsiella spp. isolates were found to be pure AmpC producers 
and 2 isolates were noted to have co-existence of ESBL and AmpC.
prevalence of AmpC producing Klebsiella spp. in our hospital, being most susceptible t
Tazobactam. A multidisciplinary approach to infection control with greater emphasis on detection of 
antimicrobial resistance among Gram negative bacteria accompanied by rational antimicrobial usage 
is needed to counter the infections of ESBL and AmpC producing pathogens.
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Jacoby-Medeiros classification confer resistance to penicillins, 
cephalosporins and monobactams but are inhibited by 
clavulanic acid. AmpCβ-lactamases, belonging to group I of 
Bush’s functional classification confer resistance to oximino 
cephalosporins, alpha methoxy beta lactams and monobactams.
(Shoorashetty et al., 2011) The present study was carried out 
over a period of two months from June to July 2013 in the 
Department of Microbiology, Victoria Hospital, a tertiary care 
hospital attached to Bangalore 
Institute, Bengaluru to report the antimicrobial susceptibility 
pattern, to detect AmpC and ESBL mediated resistance to 
antibiotics and to screen for co
in Klebsiella spp. isolated from clinical speci
 

MATERIALS AND METHODS
 
This prospective study carried out over a period of 
from June to July 2013 in the Department of Microbiology, 
Bangalore Medical College and Research Institute, Bengaluru 
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lactamases (ESBLs). ESBLs, confer resistance to 

penicillins, cephalosporins and monobactams but are inhibited by clavulanic acid. AmpC β-
lactamases confer resistance to oximino cephalosporins, alpha methoxy beta lactams and 

Klebsiella spp. from various clinical 
specimenswere processed in the Department of Microbiology, Bangalore Medical College and 
Research Institute, Bengaluru for detection of antibiogram pattern, ESBL and AmpC production. 

Bauer technique was done according to Clinical 
recommendations and detection of ESBL production was 

performed by Phenotypic confirmatory method recommended by CLSI. AmpC production was 
initially screened using Cefoxitin resistance and later confirmed by the use of an inhibitor based 

isolates were found to be pure AmpC producers 
existence of ESBL and AmpC. The study revealed a high 

in our hospital, being most susceptible to Piperacillin - 
A multidisciplinary approach to infection control with greater emphasis on detection of 

antimicrobial resistance among Gram negative bacteria accompanied by rational antimicrobial usage 
BL and AmpC producing pathogens. 

ribution License, which permits unrestricted 

 

Medeiros classification confer resistance to penicillins, 
cephalosporins and monobactams but are inhibited by 

lactamases, belonging to group I of 
Bush’s functional classification confer resistance to oximino 

pha methoxy beta lactams and monobactams. 
The present study was carried out 

over a period of two months from June to July 2013 in the 
Department of Microbiology, Victoria Hospital, a tertiary care 
hospital attached to Bangalore Medical College and Research 
Institute, Bengaluru to report the antimicrobial susceptibility 
pattern, to detect AmpC and ESBL mediated resistance to 
antibiotics and to screen for co-existence of AmpC and ESBL 

from clinical specimens.  

MATERIALS AND METHODS 

This prospective study carried out over a period of two months 
in the Department of Microbiology, 

Bangalore Medical College and Research Institute, Bengaluru  

 

INTERNATIONAL JOURNAL  
    OF CURRENT RESEARCH  

Phenotypic detection of AmpC β-
International Journal of Current 



involved processing of clinical specimens obtained from 
patients attending the tertiary care hospitals attached to 
BMCRI. Collection of all clinical samples was done by 
appropriate methods under aseptic precautions. Urine and 
sputum samples were collected in sterile containers, pus 
samples by sterile swabs and blood samples by venepuncture 
and samples were sent to the laboratory immediately. The 
clinical specimens were processed for isolation and phenotypic 
identification of bacterial pathogens following standard 
microbiological protocols. A total of 100 consecutive non 
repetitive non enteric clinical isolates of Klebsiella spp. 
obtained from various patient sources were considered for the 
study.  
 
Antimicrobial susceptibility testing of these isolates were done 
by Kirby-Bauer disk diffusion technique as per 
recommendations of Clinical and Laboratory Standards 
Institute (CLSI). The antimicrobial drugs tested (in μg) were 
Ceftazidime (30), Cefotaxime (30), Ceftriaxone(30), 
Ciprofloxacin (5), Amikacin (30), Piperacillin - Tazobactam 
(100/10), Ertapenem/Imipenem (10) and Aztreonam (30).  
 
The protocol followed was as follows: Mueller-Hinton Agar 
plates was used. Inoculum was prepared in sterile saline 
solution and turbidity was adjusted to 0.5 McFarland standard. 
Mueller Hinton Agar plate was inoculated by lawn culture. 
Antimicrobial disks were placed on the inoculated surface 
using a sterile forceps. The reporting of antimicrobial 
susceptibility of these isolates was done after 18 hours of 
incubation at 350C +/- 20C by measuring the zones of inhibition 
of the isolate for these disks and comparing the zone size with 
the interpretative zones recommended by CLSI. (Hemalatha               
et al., 2007; Clinical and Laboratory Standards Institute, 2012) 

 
ESBL screening 
 
Detection of ESBL production was as per CLSI 
recommendations [Phenotypic confirmatory method]. 
Ceftazidime and Cefotaxime disks with and without Clavulanic 
acid were used. Disks of Ceftazidime (30 μg) and Ceftazidime 
- Clauvulanic acid (30/10 μg) were placed on the medium at a 
distance of 30 mm. An organism exhibiting 5 mm or greater 
zone size increase around the Ceftazidime - Clavulanic acid 
disk compared to the Ceftazidime disk was considered as 
indicative of ESBL production. (Clinical and Laboratory 
Standards Institute, 2012)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Detection of AmpC and co-existence of ESBL: Inhibitor 
based test 
 
The Boronic acid disk test was performed by inoculating 
Klebsiella isolates on Mueller-Hinton agar and placing a disk 
containing 30 μg of Cefoxitin and a disk containing 30 μg of 
Cefoxitin and 400 μg of Boronic acid onto the agar (standard 
disk diffusion method). Simultaneously 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 that 
demonstrated a zone diameter around the disk containing 
Cefoxitin and Boronic acid, that is 5 mm or greater than the 
zone diameter around the disk containing Cefoxitin was 
considered an AmpC producer and 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. (Hemalatha et al., 
2007; Philip E. Coudron, 2005; Anand Manoharan et al., 2012) 
 
Klebsiella ATCC 700603 and E.coli ATCC 25922 were used as 
control organisms for ESBL screening. (Clinical and 
Laboratory Standards Institute, 2012) 

 
Data collected during the study was analysed using Microsoft 
Excel and Statistical Package for Social Sciences (SPSS) 
software for statistical significance. Ethical committee 
clearance was obtained before the start of the study. 
 

RESULTS 
 
Out of the 100 isolates of Klebsiella spp. obtained from clinical 
specimens during the present study, 34 isolates were observed 
to be AmpC producers and 2 were ESBL producers. The 2 
ESBL producers also produced AmpC (Table 1). Pure AmpC 
production was seen in 32 isolates. The Boronic acid detection 
method identified 31 AmpC isolates out of 61 isolates screened 
positive by Cefoxitin resistance method and 3 out of 39 isolates 
found to be negative by the latter method (Table 2). Isolates are 
most sensitive to Piperacillin-Tazobactam (70%) followed by 
Amikacin, Gentamicin, Ciprofloxacin and least sensitive to 
Ceftazidime. The antimicrobial susceptibility pattern of 
Klebsiella spp. isolates in the present study is tabulated in 
Table 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Comparison of CLSI, Boronic Acid Disc and Cefoxitin-Boronic Acid Test 
 

Result CLSI PCT for ESBL CTX+CA CTX + BA for AmpC Cefoxitin Resistance Cefoxitin-Boronic Acid Test 

Sensitive Resistant Positive  Negative 
Pure AmpC   (n =32) 0 32 3 29 32 0 
ESBL+AmpC (n= 2) 2 2 0 2 2 0 
Non-producers 0 0 36 30 0 66 
Total (n=100) 2 34 39 61 34 66 

 

Table 2. Comparison of Cefoxitin screening and Boronic acid detection for AmpC 
 

Clinical isolates of Klebsiella spp. (n = 100) Positive AmpC detection using boronic acid (n = 34) (%) 
Cefoxitin screening positive for AmpC (n = 61) 31 (50.81) 
Cefoxitin screening negative for AmpC (n = 39) 3 (7.69) 
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DISCUSSION 
 

Currently Clinical and Laboratory Standards Institute (CLSI) 
recommends confirmatory method for ESBL detection but 
there are no established guidelines for detection of AmpC β-
lactamases. Several phenotypic methods like three dimensional 
tests, disk potentiation tests, cefoxitin agar medium based tests, 
etc., have been employed for the detection of AmpC but are of 
less value. In addition, it is not currently possible to detect 
ESBL production in AmpC producing bacteria by the 
confirmatory method as AmpC is resistant to clavulanic acid. 
Many studies have reported a high prevalence of AmpC in 
Klebsiella spp. and have advocated the use of inhibitor based 
method for detection of AmpC in Gram negative bacteria, 
which involves use of boronic acid derivative, a reversible 
inhibitor of AmpC enzymes. Studies have advocated the use of 
boronic acid along with clavulanic acid to detect ESBL in 
AmpC producing Gram negative bacteria. (Shoorashetty et al., 
2011; Hemalatha et al., 2007) 
 

Various studies from India showed a wide range of prevalence 
of AmpC production among Klebsiella isolates. Reports from 
Karnataka and Delhi showed 3.3 and 20.7 per cent of Gram 
negative bacteria (GNB) to be AmpC producers based on 
phenotypic tests. In 2005, the figures from Delhi and 
Kolkata were 36.06 and 6.7 per cent, respectively for GNB 
showing AmpC production. Further, based on molecular 
techniques, a report from Delhi showed the figures to be as 
high as 50 per cent. In 2007, from Chennai the figures were 
47.3 per cent. Recently a study showed high level of AmpC β-
lactamases in cases with complicated urinary tract infection. 
Black et al. showed 31 per cent of AmpC production in 
cefoxitin nonsusceptible strains by AmpC disc test.  
 
There have been reports of ESBL’s from major hospitals in 
India and some of them have recorded the incidence to be as 
high as 60-68%. The prevalence of AmpC producing Klebsiella 
spp. isolates in the present study shows a significant increase as 
compared to an earlier study in the same institute by R.M. 
Shoorashetty et al. and this pattern is similar to the trend 
observed in other studies. The prevalence of 34% AmpC 
production in the present study correlates with the studies of 
Manchanda  et al. Black et al. Dutta et al. and Naveen Grover 
et al. Widespread inappropriate use of higher antibiotics might 
be the reason for the rise of AmpC production. (Shoorashetty  
et al., 2011; Ratna et al., 2003; Manchanda and Singh, 2003; 
Singhal et al., 2005; Arora and Bal, 2005; Manchanda                 
et al., 2006; Hemalatha et al., 2007; Taneja et al., 2008;  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mathur  et al., 2002; Jones et al., 2002; Dutta et al., 2014; 
Naveen Grover et al., 2013) 

 
The Cefoxitin resistance in isolates which did not exhibit any 
significant enhancement with boronic acid reflects mechanisms 
other than AmpC production.As noted in the present study, 
Dutta et al. have reported co-existence of AmpC and ESBL in 
isolates of Klebsiella spp. in their study conducted in Assam. 
The co-existence can be confirmed using novel methods 
involving combinations of Cefotaxime or Ceftazidime with 
Clavulanic acid and Boronic acid and comparing the 
enhancement. This co-existence could possibly be due to 
occasional dissemination of plasmid mediated AmpC enzyme 
among Enterobacteriaceae in combination with ESBL. 
(Shoorashetty  et al., 2011; Shoorashetty  et al., 2011) 

 
A study by Knudsen JD et al reported significant reduction of 
ESBL/AmpC producing Klebsiella spp. following a 
multidisciplinary intervention with a main focus on 
antimicrobial stewardship in North Dakota, United States of 
America. (Knudsen and Andersen, 2014) 
 
Conclusion 
 
From the present study, we conclude that there is a higher 
prevalence of AmpC producing Klebsiella isolates as compared 
to a previous study in the same institutions. 
 
Overall, the susceptibility of isolates of Klebsiella spp. 
encountered in the present study was maximum to Piperacillin - 
Tazobactam (70%), followed by Amikacin, Gentamicin, 
Ciprofloxacin. Ceftazidime was found to be least effective 
against these isolates. AmpC producing isolates of Klebsiella 
spp. encountered in the present study were also found to be 
most susceptible for Piperacillin - Tazobactam, followed by 
aminoglycosides. Further studies involving larger sample size 
are required to confirm the findings. Rational use of antibiotics 
and improved diagnostic methods as part of multidisciplinary 
intervention is the need of the hour for effective management 
of cases and to counter the threat of antimicrobial resistance. 
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Table 3. Antimicrobial susceptibility pattern of Klebsiella spp. isolates 
 

Antimicrobial Overall (n = 100) AmpC producers (n = 34) 
Number of isolates sensitive % Number of isolates sensitive % 

Piperacillin-Tazobactam 70 70 26 76.9 
Cefoxitin 33 33 4 11.8 
Ceftriaxone 26 26 9 26.4 
Ceftazidime 21 21 6 17.6 
Cefepime 30 30 10 29.4 
Cefotaxime 35 35 11 32.4 
Aztreonam 32 32 12 35.2 
Ertapenem 30 30 7 20.5 
Imipenem 35 35 11 32.4 
Ciprofloxacin 47 47 16 47.1 
Amikacin 62 62 20 58.8 

Gentamicin 49 49 17 50 

 

 17520                                           International Journal of Current Research, Vol. 7, Issue, 06, pp.17518-17521, June, 2015 
 



REFERENCES 
 
Anand Manoharan et al. Phenotypic and molecular 

characterization of AmpC β-lactamases among Escherichia 
coli, Klebsiella spp. & Enterobacter spp. from five Indian 
Medical Centers. Indian J Med Res, 2012; 135: 359-364.  

Arora S, Bal M. AmpC β-lactamase producing bacterial 
isolates from Kolkata hospital. Indian J Med Res., 
2005;122:224–33.  

Clinical and Laboratory Standards Institute. Performance 
Standards for Antimicrobial Susceptibility Testing; Twenty 
Second Informational Supplement. CLSI document M100-
S22. Wayne, PA: CLSI; 2012.  

Dutta H, Nath R, Saikia L. Multi-drug resistance in clinical 
isolates of Gram-negative bacilli in a tertiary care hospital 
of Assam. Indian J Med Res., 2014;139:643-645. 

Hemalatha V.  et al. Detection of Amp C beta lactamases 
production in Escherichia coli & Klebsiella by an inhibitor 
based method. Indian J Med Res., 2007; 126: 220-223.  

Hemalatha, Padma M, Sekar U, Vinodh TM, Arunkumar AS. 
Detection of AmpC β-lactamases production in Escherichia 
coli and Klebsiella by an inhibitor based method. Indian J 
Med Res., 2007;126:220–3.  

Iroha I., E. Amadi, A. Agabus, A. Oji: Susceptibility Pattern Of 
Extended Spectrum Beta Lactamase Producing Klebsiella 
Pneumoniae From Clinical Isolates. The Internet Journal of 
Microbiology, 2008 Volume 5 Number 2. DOI: 10.5580/ 
25a8 

Jones RN, Rhomberg PR, Varman DJ, Mathai D. A 
comparasion of antimicrobial activity of meropenem and 
selected broad-spectrum antimicrobials tested against 
multidrug resistant Gram negative bacilli including 
bacteriaemia Salmonella spp: Initial studies for MYSTIC 
programme in India. Int J Antimocrob Agents, 
2002;20:426–31.  

Knudsen JD, Andersen SE, for the Bispebjerg Intervention 
Group 2014. A multidisciplinary intervention to reduce 
infections of ESBL- and AmpC- producing Gram-negative 
bacteria at a University Hospital. PLoS ONE 9(1):e86457. 
Doi:10.1371/journal.pone.0086457. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Manchanda V, Singh NP, Shamweel A, Eideh HK, Thukral SS. 
Molecular Epidemiology of clinical isolates of AmpC 
producing Klebsiella pneumoniae. Indian J Med Microbiol. 
2006;24:177–81.  

Manchanda V, Singh NP. Occurrence and detection of AmpC 
β-lactamases among Gram-negative clinical isolates using a 
modified three dimensional test at Guru Teg Bahadur 
Hospital, Delhi, India. J Antimicrob Chemother., 2003; 
51:415–8.  

Mathur P, Kapil A, Das B, Dhawan B. Prevalence of extended 
spectrum beta lactamase producing bacteria in a tertiary 
care hospital. Indian J Med Res., 2002;115:153–7.  

Naveen Grover, A.K. Sahni, S. Bhattacharya. Therapeutic 
challenges of ESBLs and AmpC beta-lactamase producers 
in a tertiary care center. Med J Armed Forces India, 2013 
Jan; 69(1): 4–10. 

Philip E. Coudron. Inhibitor-Based Methods for Detection of 
Plasmid-Mediated AmpC β-Lactamases in Klebsiella spp., 
Escherichia coli, and Proteus mirabilis. J Clin Microbiol., 
2005; 43: 4163–4167.  

Ratna AK, Menon I, Kapur I, Kulkarni R. Occurrence and 
detection of AmpC β-lactamases at a referral hospital in 
Karnataka. Indian J Med Res., 2003;118:29–32.  

Shoorashetty R.M., Nagarathnamma T, Prathibha J. 
Comparison of boronic acid disk potentiation test and 
cefepime- clavulanic acid method for detection of ESBL 
among AmpC- producing Enterobacteriaceae. Indian J Med 
Microbiol., 2011, 29: 297-301.  

Singhal S, Mathur T, Khan S, Upadhyay DJ, Chugh S, Gaind 
R, et al. Evaluation of methods for AmpC β-lactamase in 
Gram-negative clinical isolates from tertiary care hospitals. 
Indian J Med Microbiol., 2005;23:120–4.  

Taneja N, Rao P, Jitender A, Dogra A. Occurrence of ESBL 
and AmpC β-lactamases and susceptibility to newer 
antimicrobial agents in complicated UTI. Indian J Med 
Res., 2008;127:85–8.  

 
 
 

******* 

 17521                                Prasanna Ramana et al. Phenotypic detection of AmpC β-lactamase in clinical isolates of Klebsiella spp.  
by an inhibitor based method using Boronic acid 

 


