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ABSTRACT

Klebsiella pneumoniae, is an important pathogen causing community acquired and nosocomial infections.
Production of AmpC and ESBLs confer multidrug resistance in them. The spread of ESBLs and AmpC
beta- lactamase producing Klebsiella pneumoniae is a major health concern globally. Most of the clinical
laboratories have difficulty in detecting ESBLs and AmpCs, because of their co-existence and their ability
to mask each other. Failure to detect these enzymes can result in their rapid spread and therapeutic
failure. This study was done to detect the presence of ESBLs and AmpC by phenotypic and molecular
methods in clinical isolates of Klebsiella pneumoniae. A total of 370 isolates of Klebsiella pneumoniae,
isolated from various clinical samples over a period of one year was included in this study. Antibiotic
susceptibility testing for various classes of antimicrobials was done as per CLSI 2015 guidelines.
Presence of ESBLs (TEM,SHV,CTX-M) and plasmid mediated AmpCs (MOX, CIT, DHA, ACC, EBC,
FOX) in clinical isolates were detected by both phenotypic and genotypic methods. Among 370 isolates
58.91% were resistant to any one of the third generation cephalosporins.Phenotypic test detected 37.02
% isolates as ESBL producers. Co-existence of all three genes (TEM,SHV,CTX-M) were seen in 47.29%
in this study. In 79 isolates, by PCR ESBL genes (one or more) were detected though the phenotypic test
was negative in them. Cefoxitin resistance was exhibited by 118 isolates of which 34 harboured AmpC
genes. The most prevalent AmpC gene in this study was DHA (n=29) followed by EBC (n=3) and CIT
(n=2). Phenotypic test for ESBLs and AmpC can give false positive or negative result. Detection of the
resistance mechanism by molecular methods will help to prevent therapeutic failure and the spread of
multi drug resistant Klebsiella pneumoniae.
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INTRODUCTION

Klebsiella pneumoniae, a nosocomial pathogen, causes
various infections such as pneumonia, soft tissue
infections, septicaemia, and urinary tract infections.”
Extended spectrum beta lactamases (ESBLs) are
plasmid mediated enzymes that hydrolyse third
generation cephalosporins (3GC) and monobactams like
aztreonam.They are inhibited by clavulanic acid and are
susceptible to cephamycins (cefoxitin and cefotetan).2
The most common ESBLs belong to SHV, TEM and
CTX-M families and are found usually in Klebsiella spp,
Escherichia coli and other gram negative bacteria.
AmpC beta lactamases belongs to the ambler class C,
exhibit resistance to cephalosporins and cephamycins,
and are not inhibited by all beta lactamase inhibitors.
AmpC beta lactamases are found in the chromosome of
Citrobacter freundii, Enterobacter cloacae, Morganella
morgani, Hafnia alvei and Serratia marcescens.
Escherichia coli expresses chromosomal AmpC at low
levels. Plasmid mediated AmpCs that occur in
Klebsiellasps, Proteus mirabilis, and Salmonella spp
have been found worldwide in nosocomial and
community settings.“'5 Plasmid AmpC mediated
resistance is less common than resistance due to
ESBLs. They are often difficult to detect in the
laboratory, especially when they coexist toge’ther.6 This
study aimed to detect ESBLs and AmpC by phenotypic
and molecular method, and also to determine the
prevalence of these beta lactamases in Kilebsiella
pneumoniae isolated both from the hospitalised and
non-hospitalised patients. Knowing their prevalence in
hospital settings helps to formulate a policy of empirical
therapy.

MATERIALS AND METHODS

Bacterial Isolates

The study was conducted in a University teaching
hospital from September 2014 to August 2015.A total
number of 370 clinically significant, consecutive, non-
duplicate isolates of Kilebsiella pneumoniae were
included in this study. The isolates were identified up to
species level by automated system (VITEK2 GN-card;
Bio Merieux, Brussels, Belgium) and standard
biochemical tests.” The isolates were obtained from,
urine (170), exudative specimens (132), respiratory
secretions such as bronchial wash, endotracheal
secretion, broncho alveolar lavage, pleural fluid (38) and
blood (30).

Antibiotic Susceptibility Testing

Antibiotic susceptibility testing was done by Kirby-Bauer
disc diffusion method as per CLSI guidelines.8 The
antibiotics tested were, cefotaxime (30ug), ceftazidime
(30ug), cefoxitin (30 pg), amikacin (30ug), ciprofloxacin
(5ug), piperacillin/ tazobactam (100pg/ (10pg) and
imipenem (10pg) [Himedia laboratories, Mumbai].ATCC
Escherichia coli 25922 was used as control strain.

Phenotypic tests for ESBL confirmation
Isolates were tested for ESBL production as per CLSI
guidelines.8 Combined disk diffusion test was performed

using both cefotaxime and ceftazidime (30ug) alone and
in combination with clavulanic acid. An increase in the
diameter 5mm or above, when compared to
cephalosporins alone was interpreted as ESBL. ATCC
Escherichia coli 25922 and Klebsiella pneumoniae
ATCC 700603 were used as control strain.

Phenotypic tests for AmpC beta lactamase

AmpC production was tested by using inhibitor based
method. Phenyl boronic acid (benzeneboronic acid;
Sigma-Aldrich, India.) 120 pyg was dissolved in 3ml of
dimethyl sulfoxideand 3ml of sterile distilled water.
Twenty microliters of stock solution was added onto 30
pg of cefoxitin disk.’ The test organism was inoculated
on a Mueller Hinton Agar (MHA) [Himedia laboratories,
Mumbai]. Disk containing cefoxitin and cefoxitin
impregnated with 400 pg of phenyl boronic acid were
placed on the plate. The plates were incubated
overnight, and an increase in the zone diameter of
=25mm for cefoxitin with boronic acid compared with
cefoxitin alone was considered as indicative of AmpC
production.g'10

Preparation of template DNA

A single colony of each organism from a Mac conkey
agar plate, inoculated in to 1.5ml of Luria-Bertani broth
(Himedia laboratories, Mumbai.),and incubated for
overnight at 37C.Cells from the overnight culture were
centrifuged at 10000rpm for 10min.Supernatent was
decanted and the pellet was resuspended in 250yl of
distilled water. The cells were lysed by heating at 100C
for 10 min.2 pl of the supernatant of the total sample,
was used as the source of the template for
amplification.11

Detection of ESBL genes by multiplex PCR

All the isolates were tested for the presence of SHV,
TEM, and CTX-M genes by multiplex PCR using the
earlier described primers.12 The primers used are listed
in Table1. PCR was performed with a final volume of 25
pl. Each reaction contained 10 pmol of each primer
(Sigma-Aldrich, India), 10mM of dNTP mixture
(Takara,India), 5U Taq polymerase (Takara, India) in
2.5ul of 10X Taq polymerase buffer(Mg2+plus).Two pl
of template DNA was added to 23 ul of the master mix.
Negative control was the PCR mixture with water
instead of template DNA, and a positive control was also
included in every PCR run. Amplification reactions
were performed under the following conditions: initial
denaturation at 94°C for 5 minutes, followed by 35
cycles of denaturation at 94°C for 30 seconds,
annealing at 60°C for 30 seconds with an extension at
72°C for 50 seconds, and a final extension for one cycle
at 72°C for 5 minutes. The PCR product was then run
on a 1.5 % agarose gel for detection of the amplified
fragment.

Detection of AmpC genes by multiplex PCR
All the isolated organisms were tested for plasmid
mediated AmpC genes by previously described
primers.11 Primers used were listed in Table 2.
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Table 1
List of primers used for PCR of ESBL genes
Gene Primer Amplicon
SHV SHV-F: CGCCTGTGTATTATCTCCCT 294bp
SHV-R: CGAGTAGTCCACCAGATCCT
TEM TEM-F: TTTCGTGTCGCCCTTATTCC 404bp
TEM-RIATCGTTGTCAGAAGTAAGTTGG
CTX-M CTX-M-F: CGCTGTTGTTAGGAAGTGTG 754bp
CTX-M-R:GGCTGGGTGAAGTAAGTGAC
Table 2
Primers used for amplification of plasmid mediated AmpC genes
Target(s) Primer Sequences-5’-3’ Amplicon
MOX-1,MOX-2, CMY-1, MOXMF GCTGCTCAAGGAGCACAGGAT  520bp
CMY-8 to CMY-11 MOXMR CACATTGACATAGGTGTGGTGC
LAT-1 to LAT-4, CITMF TGGCCAGAACTGACAGGCAAA  462bp
CMY-2 to CMY-7,BIL-1 CITMR  TTTCTCCTGAACGTGGCTGGC
DHA-1, DHA-2 DHAMF AACTTTCACAGGTGTGCTGGGT 405bp
DHAMR CCGTACGCATACTGGCTTTGC
ACC ACCMF AACAGCCTCAGCAGCCGGTTA  346bp
ACCMR
MIR-1T ,ACT-1 EBCMF TCGGTAAAGCCGATGTTGCGG  302bp
EBCMR CTTCCACTGCGGCTGCCAGTT
FOX-1to FOX-5b FOXMF AACATGGGGTATCAGGGAGATG 190bp
FOXMR CAAAGCGCGTAACCGGATTGG

DNA Sequencing

PCR positive amplicons were purified and sequenced by
big dye 3.1 cycle sequencing kit using the Sanger
AB13730 XL DNA analysing instrument (Sci genome,
India).The nucleotide sequences analysed are
compared with the sequence available at the National
Centre for Biotechnology information website
(www.ncbi.nlm.nih.gov).Sequences obtained in this
study was submitted to gen bank with following
accession number, KY115614, KY115613, KY115615,
KY115612, KY115610, KY11561.

RESULTS

Antibiotic Susceptibility Testing

The susceptibility of the study isolates to various
antimicrobial agents is as follows, imipenem (96.75%),
amikacin (82.16%), piperacillin/ tazobactam (80.27%),
cefoxitin (68.10%), ciprofloxacin (62.97%), ceftazidime
(50.54%), and cefotaxime (41.35%).

ESBL Confirmatory Test and Genotypic Test
Among 370 isolates, 218 (58.91%) were resistant to any
one of the third generation cephalosporins (Cefotaxime,

Ceftazidime).Of the total isolates eight showed
susceptibility to 3GC but were resistant to cefoxitin by
disc diffusion. ESBL screening by combined disc
diffusion method was positive in 137(37.02%) isolates.
Distribution of the three ESBL genes looked for isolates
is shown in Table 3. Gel picture of the amplified genes
are shown in Figure 1.

Amp C beta lactamase detection by Phenotypic and
Genotypic Methods

Of the 370 study isolates 118 were resistant to cefoxitin.
Among the 118 cefoxitin resistant isolates inhibitor
based method using phenyl boronic acid was positive in
34.Among the 34 PBA positive isolates 26 harboured
any one of the AmpC gene in them, remaining 8 isolates
were negative for the gene. Eight cefoxitin resistant
isolates showed negative for screening test by PBA,
carried AmpC genes. Distribution of plasmid mediated
AmpC genes and its co carriage of ESBLs is shown in
Table 4. Multiple AmpC genes were not encountered in
single isolates. Gel picture of the detected AmpC genes
are shown in Figure 2. Both ESBL and AmpC genes
were present in 33 out of 370 isolates.
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Table 3
Distribution of ESBL genes detected in total isolates.

Total number of study isolates (370)]

| |

3GC Susceptible (132) 3GC Resistant (218)

.

ESEL screen test

o ESEL scr=en test
PCR positiva (3) it

; PCE positive (137)
ESEL serzan tast ESEL . < )
. " TEM+SHV-CTIXM i
SHV alons (3) sstiva PCR. — P TEMSHVCTXM
test &5
SHV alona (143) —\';:’CEE‘? SHVACTE-M(12) SHV slona (18)
TEM+SHV (2) Negative SHV alons (3) TEM+SHV (3}
(1)
- ) CTX-M slone (1) .
TEMSSHV-CTE M . ( TEM+CTXE-M (1
2 Mo gzna(l) Y

TEM+CTX-M (1) SHVACTEM (1)
TEM slone (1) TEM:SHV (1) CTXM alone (1

Table 4
Distribution of AmpC genes and its coexistence with ESBLs

AmpC genes Number of AmpC Co-existence AmpC along with

obtained in this genes alone (n=34) other ESBL genes (n=33)
study

DHA+TEM+SHV+CTX-M (3)

DHA 29 DHA+TEM+SHV (2)
DHA+SHV (24)
EBC+TEM+SHV+CTX-M (1)
EBC 3 EBC+SHV+CTX-M (1)
EBC alone(no ESBL genes)
CIT 2 CIT+TEM+SHV+CTX-M (2)

Figure 1
Gel picture of ESBL genes

[Lane1-Multiplex of CTX-M, TEM, SHV], [Lane2-Negative control], [Lane3-100bp ladder
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Figure 2
Gel picture of amplified AmpC genes

[Lane 1,3,5-100bp Ladder], [Lane 2-CIT,Lane 4-DHA,Lane 6-EBC]

DISCUSSION

ESBLs are one of the most common antibiotic
resistance mechanisms among Enterobacteriaceae.In
1983 ESBL producing Klebsiella pneumoniae was first
reported from Germany. Since then they have spread
worldwide and reached an alarming rate.” The
prevalences varies greatly from country to country and
among the institutions within the country. This fact
strongly supported by previous repor’ts.m'18 In the
present study, 58.91% of Klebsiella pneumoniae were
resistant to any one of the 3GC tested. A study from
Warangal in India reported that out of 200 isolates, 36%
were resistant to 3GC."® Another study conducted in
Puducherry, 76.6% of Klebsiella pneumoniae exhibited
resistance to any one of the 3GC %A recent study from
Egypt, reported that, of the 100 isolates tested 49%
were resistant to Cefotaxime and Ceftriaxone and 40%
was resistant to Ceftazidime.”’ This reflects a high
prevalence of resistance to commonly used class of
antibiotics. In this study 3 isolates that were 3GC
susceptible carried SHV genes in them. Since the study
used a consensus primer for detection of SHV genes,
the PCR positivity was due to the presence of SHV-1 as
confirmed by sequencing of the PCR product. Of the
remaining 149 3GC susceptible isolates,148 carried one
or more genes looked for in the study and they were
ESBL screen test negative.TEM or SHV or both were
detected in 147 isolates .PCR positivity in these isolates
(147) was due to the presence of SHV-1 and or TEM-1
as confirmed by DNA sequencing. One isolatealone
harboured CTX-M along with TEM and SHV. This
isolates exhibited susceptibility to 3GC and was ESBL
screen test negative but carried an AmpC gene EBC. Of
the 218, 3GC resistant isolates, all except two carried
one or more ESBL encoding genes looked for in this
study. Presence of multiple genes in a single isolate was
reported in many studies conducted worldwide including
India.'®""%22 Coexistence of TEM, SHV, and CTX-M
was seen in a higher percentage of isolates (47.29%) in
this study. In previous studies from Puducherry and
Amritsar, co-existence of all the above was reported in
295% and 6.45% respectively.***  Concurrent
presence of all three genes was not observed by
Savitha Rani et al and Trupti Bajpaiet al.'®"" Of the 218,
3GC resistant isolates 137 were ESBL screen test
positive and harboured one or more ESBL genes tested

in this study. Among 81 isolates, that were ESBL screen
test negative, by PCR it showed 79 carried one or more
ESBL gene in them. Of the remaining two isolates, one
carried the EBC type AmpC and the other did not
harbour any AmpC gene though being cefoxitin resisted.
It can be reasonably presumed that this isolate could
have harboured the AmpC genes that were not included
in the multiplex PCR.It is well documented that the
ESBL screen test could be false negative in the
presence of other beta lactamase like AmpC or
carbapenemases. This is evident by the fact 20 of the
ESBL positive isolates co harboured AmpC genes and
exhibited resistance to cefoxitin. The remaining 59
isolates that carrying the ESBL gene possibly harboured
a carbapenemase encoding gene or other AmpC. False
susceptibility to 3GC was detected in eight isolates in
this study, as they actually carried AmpC genes, with
them, strongly supporting the earlier statement, that
detection of plasmid mediated AmpC is challenging in
laboratories, since they may appear susceptible to 3GC
initially. This may lead to inapprogriate selection of
antibiotics and therapeutic failure.”*? Carriage of ESBL
and/or plasmid mediated AmpC is often associated with
resistance to other class of antimicrobials.?® Among the
118 cefoxitin resistant isolates, only 34 were positive for
plasmid AmpC genes by PCR.This is in agreement with
the earlier studies that, not all cefoxitin resistant isolates
carry an AmpC gene.27'29 In this study, 8 cefoxitin
resistant isolates that were AmpC screen test positive
using PBA harboured ESBL genes and not the AmpC
genes that were looked for. In contrast some of the
isolates (n=8) harboured AmpC gene in spite of being
AmpC screen test negative. This further strengthens the
fact that ESBL and AmpC mask each other in
phenotypic tests.®® Most predominant AmpC gene
detected in our study was DHA (n=29), followed by EBC
(n=3) and CIT (n=2). Sequencing of the amplicons of
AmpC showed similarity with DHA-9, MIR-15, and CMY-
4. An earlier study conducted in the same centre
detected other than DHA, CIT and EBC, ACC and
multiple genes in a single isolate which was not
detected in the present study.5 Another study by
Manoharanet al reported that EBC (16.6%) was the
most prevalent gene in Klebsiella pneumoniae.31 A
study from Puducherry, reported that DHA (54.5%) was
the most common gene detected followed by CIT (40%2,
MOX (3.6%) and ACC (1.8%) among 55 isolates. 0
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Anitha et al from Kerala reported among 130 cefoxitin
resistant enterobacteriaceae, five Klebsiella
pneumoniae harbouring CIT alone.* Studies from
Netherland have found DHA and CIT in Klebsiella
pneumoniae elsewhere in China DHA was the only
AmpC gene present in Klebsiella pneumoniae.a‘q"34
Based on data of this study, we suggest PCR remains
gold standard for the detection of ESBLs and AmpC in
clinical microbiology laboratories.

CONCLUSION

Prevalence of ESBLs in this study among 3GC resistant
Klebsiella pneumoniae was 58.91% and AmpC was
9.1% as by PCR.Phenotypic test for both ESBLs and

REFERENCES

1. Podschun R, Ullmann U. Klebsiella spp. As
nosocomial pathogens: Epidemiology, taxonomy
typing  methods, and pathogenicity factors. Clin
Microbiol Rev.1998; 11:589-603.

2. Bradford PA. Extended-spectrum beta-
lactamases in the 21st century: Characterization,
epidemiology and detection of this important
resistance threat. Clin Microbiol Rev. 2001; 14:
933-51.

3. Jacoby GA, Munoz-Price LS. The new B-
lactamases. N Engl J Med. 2005; 352: 380-91.

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

5. M Shanthi, U Sekar, K Arunagiri, B Sekar.
Detection of Amp C genes encoding for beta-
lactamases in Escherichia coli and Klebsiella
pneumoniae. Indian J Med Microbiol. 2012; 30(3):
290-5.

6. Jacoby GA. Amp C beta-lactamases. Clin
Microbiol Rev. 2009; 22:161-82.

7. Collee JG, Miles RS, Matt B. Test for identification
of bacteria. In: Collee JG, Fraser AG, Marmion
BP, Simmons A, editors. Mackie and McCartney
practical medical microbiology.14th ed., Chapter
7. Edinburgh: Churchill Livingstone; 1996. p. 131-

49.

8. Clinical and Laboratory Standards Institute
Performance  standards  for  antimicrobial
susceptibility testing. 25th informational

supplement document M100-S25. Wayne: CLSI;
2015.

9. Coudron PE. Inhibitor-based methods for
detection of plasmid-mediated AmpC f-
lactamases in Klebsiella spp., Escherichia coli,
and Proteus mirabilis. J Clin Microbiol.2005;
43:4163-7.

10. Yagi T, Wachino J, Kurokawa H, Suzuki S,
Yamane K, Doi Y, et al. Practical methods using
boronic acid compounds for identification of class
C B-lactamase-producing Klebsiella pneumoniae
and Escherichia coli. J Clin Microbiol.2005;
43:2551-8.

11. Pérez-Pérez FJ, Hanson ND. Detection of
plasmid—mediated AmpC beta-lactamase genes

AmpC can give false positive or negative results. It is
necessary to detect the resistant mechanisms by using
molecular techniques to prevent the spread of
resistance and achieve therapeutic success.

FUNDING ACKNOWLEDGEMENT

We acknowledge the resources and financial support
provided by the Sri Ramachandra University (Deemed
to be) as SRU-Chancellor Fellowship for this study.

CONFLICT OF INTEREST

Conflict of interest declared none.

in clinical isolates by using multiplex PCR. J
ClinMicrobiol.2002; 40:2153-62.

12. Manal |. Hassan, Khaled R. Alkharsah, Alhusain
J. Alzahrani, Obeid E. Obeid, Amar H. Khamis,
AsimDiab. Detection of extended spectrum beta-
lactamases-producing isolates and effect of
AmpC overlapping. J Infect Dev Ctries. 2013;
7(8):618-629.

13. Mojtaba Moosavian, and Nazanin
Ahmadkhosravy. Survey of CTX-M Gene
Frequency in Extended-Spectrum Beta-
Lactamase-Producing Enterobacteriaceae

Isolates Using the Combination Disk and PCR
Methods in Ahvaz, Iran. Jundishapur J Microbiol
.2016; 9(11):e40423.

14. Souravchakraborty, Kaniz Mohsina, Palash
Kumar Sarker, Md Zahangir Alam, M Ismail Abdul
Karim, S M Abu Sayem. Prevalence, antibiotic
susceptibility profiles and ESBL production in
Klebsiella pneumoniae and Klebsiella oxytoca
among hospitalized patients. Period boil. 2016;
Vol 118, No 1, 53-58.

15. Begum Fouzia and DamleAS. Prevalence and
Characterization of Extended Spectrum Beta-
Lactamase Production in Clinical Isolates of
Klebsiella pneumoniae. J Med Microb Diagn.
2015; 4:178.

16. Dr.Savitha Rani, Dr.l.Jahnavi, Dr.K.Nagamani.
Phenotypic and Molecular Characterization of
ESBLs producing Enterobacteriaceae in A
Tertiary Care Hospital, IOSR Journal of Dental
and Medical Sciences. 2016 ;( 15): 27-34.

17.  Trupti Bajpai, M. Pandey, M. Varma, G. S.
Bhatambare. Prevalence of TEM, SHV, and
CTX-M Beta-Lactamase genes in the urinary
isolates of a tertiary care hospital. Avicenna J
Med. 2017; 7:12-6.

18. Girma Mulisa, Lakew G Selassie, Tilaye W,
Godana Jarso, Teklu Shifere, Adinew Zewdu,
Wake Abebe, Feleke Belachew and Tsegaye
Sewunet. Prevalence of Extended Spectrum
Beta-lactamase Producing Enterobacteriaceae: A
Cross Sectional Study at Adama Hospital,
Adama, Ethiopia. J Emerg Infect Dis. 2016,
1:102.

19. UshaVidya Rani S, Ramanamma MV, Mukherjee
AL, Suneesh Jacob A. Prevalence of ESBL-

This article can be downloaded from www.ijpbs.net
B-346



20.

21.

22.

23.

24.

25.

26.

27.

Int J Pharma Bio Sci 2018 January; 9(1): (B) 341 - 347

mediated Resistance among Hospital and
Community isolates of Klebsiella pneumoniae in
Warangal. International Journal of Medical
Research and Review.2016; 4(6):1005-1009.
Mohamudha Parveen Rahamathulla and Belgode
Narashima Harish. Molecular Characterization of
ESBL and AmpC [-Lactamases among Blood
Isolates of Klebsiella  pneumoniae  and
Escherichia coli. BMR J. 2016; 12(2): 1-19.
Mustafa Muhammad Gharrah, Areej Mostafa El-
Mahdy, Rasha Fathy Barwa. Association between
Virulence Factors and Extended Spectrum Beta-
Lactamase Producing Klebsiella pneumoniae
Compared to Nonproducing lIsolates. Hindawi
Interdisciplinary  Perspectives on Infectious
Diseases .2017; Article ID 7279830: 14 pages.
Yahaya Mohammed, Galadima Bala Gadzama,
Sambo Bello Zailani, Aaron Oladipo Aboderin.
Characterization of Extended Spectrum Beta-
lactamase from Escherichia coli and Klebsiella
Species from North Eastern Nigeria, Journal of
Clinical and Diagnostic Research. 2016; 10(2):07-
10.

Maninder Kaur, Aruna Aggarwal. Occurrence of
the CTX-M, SHV and the TEM Genes Among the
Extended Spectrum b-Lactamase Producing
Isolates of Enterobacteriaceae in a Tertiary Care
Hospital of North India. Journal of Clinical and
Diagnostic Research. 2013; 7(4): 642-645.
Kenneth S. Thomson. Extended-Spectrum--
Lactamase, AmpC, and Carbapenemase Issues.
J. Clin. Microbiol. 2010; 48(4):1019-1025.

Silke Polsfuss, Guido V. Bloemberg, Jacqueline
Giger, Vera Meyer, Erik C. Bottger and Michael
Hombach. Practical Approach for Reliable
Detection of AmpC Beta-Lactamase-Producing
Enterobacteriaceae. J. Clin. Microbiol.2011;
2798-2803.

Reuland EA, Hays JP, de Jongh DMC,
Abdelrehim E, Willemsen |, Kluytmans JAJW, et
al. Detection and Occurrence of Plasmid-
Mediated AmpC in Highly Resistant Gram-
Negative Rods. PLoS ONE. 2014; 9(3): €91396.
N. Fam, D. Gamal, M. El Said et al., “Detection of
plasmidmediated Amp Cbeta-lactamases in
clinically significant bacterial isolates in are

28.

29.

30.

31.

32.

33.

34.

search institute hospital in Egypt,” Life Science
Journal. 2013; 10(2); 2294-2304.

N.O.Yilmaz, N.Agus, E.Bozcal, O.Oner and
A.Uzel. “Detection of plasmid-mediated AmpCpg-
lactamase in Escherichia coli and

Klebsiella pneumoniae,” Indian Journal of Medical
Microbiology. 2013; 31(1):53-59.

Mai M.Helmy and Reham Wasfi. Phenotypic and
Molecular Characterization of Plasmid Mediated
AmpCp-Lactamases among Escherichia coli,
Klebsiella spp., and Proteus mirabilis Isolated
from Urinary Tract Infections in Egyptian
Hospitals, Biomed Research International. 2014;
171548.

N.P.Brenwald, G.Jevons, J.Andrews, L.Ang, and
A.P.Fraise, “Disc methods for detecting AmpCpg-
lactamase-producing clinical isolates of
Escherichia coli and Klebsiella pneumoniae,”
Journal of Antimicrobial Chemotherapy .2005;
56(3):600—- 601.

AnandManoharan, MadhanSugumar, Anil Kumar,
Hepzibah Jose, DilipMathai. Phenotypic &
molecular characterization of AmpC B-lactamases
among Escherichia coli, Klebsiella spp. &
Enterobacterspp. from five Indian Medical
Centers. Indian J Med Res. 2012; 135:359-364.
Anitha Madhavan,V. Jayalakshmi, Occurrence of
extended-spectrum beta-lactamase, AmpC and
MBLase producers among multidrug-resistant
Enterobacteriaceae causing urinary tract infection
in a tertiary health-care teaching hospital. J Acad
Clin Microbiol. 2016;18:80-5.

E. Ascelijn Reuland, John P. Hays, Denise M. C.
de Jongh, Eman Abdelrehim, Ina Willemsen, Jan
A. J. W. Kluytmans, Paul H. M. Savelkoul,
Christina M. J. E. Vanden broucke-Grauls,
Nashwan al Naiemi. Detection and Occurrence of
Plasmid-Mediated AmpC in Highly Resistant
Gram-Negative Rods. PLo SONE. 2014;9(3):
€91396.

Xiang-Qun Liu and Yong-RuiLi. Detection and
genotype analysis of AmpC B-lactamase in
Klebsiella pneumoniae from tertiary hospitals,
Experimental and Therapeutic Medicine. 2016;12:
480-84.

This article can be downloaded from www.ijpbs.net
B-347



