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ABSTRACT
The present study was focused to isolate ESBL (Extended Spectrum Beta Lactamase) producing Escherichia coli and Klebseilla sp. from the IPD (In Patient
Department) and to determine the resistant profile of ESBL producers . The tests were carried out with the help of Double Disk Approximation test and Vitek
ESBL test. About 70.4% of the E.coli isolates showed the ESBL positive while about 86.1% of the Klebsiella sp. showed positive result. The antibiotics
against which the bacteria’s showed the maximum resistant are Penicillin, Fluoroquinolones, Cephalosporins and Monobactum, which was 100%. The least
resistant was shown against Lepopeptides. Knowledge of resistance pattern of bacterial strains in geographical areas will help to guide the appropriate and
judicious antibiotic use. While comparing the result of this study with the previous studies it was concluded that the rates of ESBL positive strain vary greatly
worldwide and within geographic areas and are rapidly changing overtime.
Keywords: ESBL, IPD, Vitek, Penicillin, Fluoroquinolones, Cephalosporins, Monobactum, Lepopeptide.

INTRODUCTION
Some gram negative microorganisms produces the enzymes
β- lactamase because of which they become resistant to some
antibiotics like Penicillin, Cephalosporin, Cephamycins and
Carbapenems etc. such an organisms are called ESBL’s,
because they hydrolyze the β- lactam ring of antibiotics. The
ESBL producers add molecule of H2O to C-N bond of the βlactam ring and opens it up making it ineffective. The ESBLs
are plasmid-mediated β-lactamase of predominantly Bush
class A, so far described only in gram negative bacilli.
Nucleotide sequencing revealed that these enzymes were
variant of the TEM-1 (Temonieora) or TEM-2-β-lactamases.
Inhibitor resistant TEM-β-lactamases are found mainly in the
clinical isolates, but to some extent it can also found in some
strains of Klebsiella pneumoniae, Klebsiella oxytoca, Proteus
mirabilis etc. The SHV-1-β-lactamase is most commonly
found in Klebsiella pnumoniae.1. Klebsiella pneumoniae also
have the 70,057 bp plasmid pKF3-70, carries an ESBL gene
ctx-m-142-3 and also a multi resistant plasmid pMET-1
comprises 41,723 bp and includes Tn 1331.2, a transposons
that carries the blaTEM-1 gene for ESBL property1-2.Gram
negative bacteria, especially member of the Enterobactericeae
family such as Escherichia coli and Klebsiella pneumoniae
harbouring ELBS represent a major group of β-lactamase that
have the ability to inactivate β-lactam antibiotic containing an
oxyimino group which remain present in antibiotics such as
third generation cephalosporins and monobactams ,those
organism soonly become resistant to other antibiotic classes
such as fluoroquinolone, tetracycline, chloramphenicol,
cotrimoxazole and aminoglycosidase. The definitive risk
factor for emergence of ESBL producers are: Prolonged ICU
stay;
Nursing
home
residency;
Sever
illness;
immunocompromised state; Long term antibiotic exposure.
The incidence of ESBL producing strains among clinical
isolate have been steadily increasing resulting in limitation of
therapeutic option. Different type of ESBL have been identify
most of them are the derivative of the TEM or SHV enzyme.
These are now more than ninety TEM type β-lactamase4 and

more than twenty five type of SHV enzyme5 and OXA
extended-spectrum5-6, inhibitor resistant β-lactamases7. In
recent years a new family of plasmid-mediated ESBLs called
CTX-M that preferentially hydrolyzes cefotoxime has
developed. They have mainly been found in strains of
Salmonella enteric, Serovar typhimurium and Escherichia
coli8. Other ESBLs are PRE-1-β-lactamase was first
discovered in strains of Psuedomonas aeruginosa isolated
from patients in Turkey9-10. Later it was also found among
isolates of Senterica serovar typhimurium and A.baumanii,
that represent 46% of total isolates15.
MATERIALS AND METHODS
Standard strains of Escherichia coli ATCC25922 and
KlebsiellaATCC700605 were used as positive control. The
bacterial culture were obtained from the sample like urine,
Pus, Sputum, BAL fluid, ET (Endo Tracheal Secretion)
collected from ICU (Intensive care unit) and IPD (In Patient
Department) patients (Artemis Health Institute, Gurgaon,
Haryana, India). Urine sample were processed on CLED
(Cysteine Lactose Electolyte Deficient Agar). Pus sample
were processed on Blood agar, MacConkey agar and
Chocolate agar and BHI(Brain Heart Infusion Broth). After
24-48 hour of incubation at 370C the culture plates were
observed for bacteria, colonies were isolated and isolated
colonies were further identified. All the chemicals used in
this study were of A.R grade from Himedia. Antibiotic discs
were obtained from Beckton Dickenson. The characterization
and identification of isolates were done by using
conventional biochemical test such as: Catalase test20;
Oxidase test; Indol test12; Citrate test14. About 80 isolates
were screened to get ESBL producers (Escherichia coli and
Klebsiella sp). These two species were the most prevalent
and constitute 40% of gram negative isolates showing ESBL
characteristic. After the dilution of these colonies were
prepared in normal saline as it was required for Antibiotic
sensitivity, dilution of Mcfarland 0.5 turbidity standards were
prepared. 0.5Mcfarland can be checked either manually by
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comparing it with Mcfarland turbidity standard or it can be
checked by Densichek.
β-Lactamase Production
β-lactamase production by bacteria continues to the one of
the main mechanisms of bacterial resistance to β-lactam
antibiotics, and it seem likely to remain so22. Β-lactamses
produced by gram negative bacteria may be inducible or
constitutive, and with few exceptions, are periplasmic
(commonly referred to as cell-bound)16. It has been reported
that β-lactamase can be also entrapped within membrane
vesicles produced by gram negative bacteria and this may
increase the breakdown of β-lactam antibiotics at the
infection site18. The main role for the production of such
enzyme was found to be enhanced by the exposure of the
culture to the particular antibiotics like Gentamicin which
increase the production by 1.6 folds19-20. This production was
enhanced due to the formation of membrane vesicle on the
surface of the bacteria which contained this particular
enzyme. This enzyme is produced in the periplasmic space of
the bacteria which is then transported to the surface
membrane vesicles.
ESBL Detection methods
Two methods were used during study like: Initial Screening
Test (common disk diffusion test method)17-18 as
recommended by NCCLS (National Committee for Clinical
Laboratory Standrads). In this method the organism was a
suspension of test organism with N.saline prepare which was
of 0.5 Mcfarland standard using isolates colonies. Using a
sterile cotton swab, inoculate the organism on to a MHA
(Mueller Hinton Agar) plate, streaked in three directions.
Using forceps appropriate antibiotic discs applied on MHA
plate. According to NCCLS method, ceftazidime each with
and without gclavulanate were used. Smaller zone of
inhibition formed around ceftazidime and a larger zone in
comparison to ceftazidime was formed around ceftazidime
was formed around ceftazidime with clavulanic acid as it is a
combination drug. ESBL production was indicated by an
increase in zone size of ≥ 5mm with and without clavulanic
acid21. Their studies evaluate the performance of a modified
double disk test (MDDT) for the detection of ESBLs in
clinical isolate of Escherichia coli and Klebsiella pneumonia.
96 isolates of Escherichia coli and 40 Klebsiella pneumonia
are studies for ESBL production by the National Committee
for Clinical Laboratory Standards (NCCLS) combination disc
test and MDDT23. Another method was Vitek ESBL test
which was 99% sensitive and specific for the detection of
ESBLs8-9. The automated microbial susceptibility test system
Vitek (Biomerieux, Hazlewood) has also produced an ESBL
test that utilize either ceftazidime or cefotaxime alone and in
combination with clavulanic (4 µg/ml). A predetermined
reduction in growth in wells containing clavulanate compared
to the drug alone indicate the presence of ESBL12.
RESULTS AND DISSCUSSION
In the present study among 193 samples of ICU and IPD
sample, 80 isolates were isolated as Escherichia coli and
Klebsiella sp. among which 62(77.5%) are ESBL positive
isolates, from which 31(50%) E.coli and 31(50%) of
Klebsiella sp. were ESBL positive. While determining the
resistant and sensitivity profile of ESBL producers Penicillin
group drugs are found to be 100%, fluoroquinolones was also
found to be 100%, Aminoglycosides(gentamycin and
amikancin) was found to be 60% resistant, the similar result
was quoted by Jyoti et al., showed the resistance confered by

ESBL producers as 60-100% towards gentamicin and 4096% towards amikacin. Β-lactamase inhibitrswas found to
show 90% resistant. In the present study Cephalosporins
showed 100% resistant while 50 % resistant was found in
Mary S. Farkosh, MT study. Lepopeptide was not resistant at
all, it was 100% sensitive. Carbepenems was 25% resistant,
Monobactum was found to be 100% resistant and
Nitrofurantoins was found to be 77% resistant.
So this study proved that antibiotic group of lepopeptides
(polymixin B and colistin) are often effective as it showed
100% sensitivity towards he ESBL producers. While
comparing the results of this study with the previous studies
it was concluded that rates of ESBl positive strains vary
greatly worldwide and wlthin geographic areas and are
rapidly changing overtime.
REFERENCES
1. Abraham E P, Chain E. An enzyme from bacteria able to destroy
penicillin. Nature, 1940 146; (837).
2. Alfonso J C, Soler Bistue, Daniel Birshan, Andrew P. Tomaras, Manisha
Dandekar, Tung Tran, Jason Newmark, Duyen Bui, Nisha Gupta,
Keziah Hernandez, Renee Sarno, Angeles Zorreguieta, Luis A. Actis
and Marcello Tolmasky. Klebsiella pneumoniae multiresistant plasmid
pMET-1. Similarity with Yersinia pestis plasmid pCRY and integrative
conjugative elements. PLoS ONE 10:1371/ journal.pone.0001800. 2008.
3. Ambler R P. The strucyure of β-lactamases. Philos Trans R Soc Lond B
Biol Sci, 289, 1980. 3-321.
4. Bangley S . Habitat association of Klebsiella species. Infect Control,
6(2), 1985. 8-52.
5. Barnett J.A, Payne R.W, Yarrow D . Yeasts characteristics and
identification, 3rd ed; New York. Cambridge University Press; 2000
6. Barthelemy M, Peduzzi J and Labia R . Distinction between structure of
TEM-1 and TEM-2. Ann. Inst. Pasteur Microbio,. 136A, 1985. 311-321.
7. Bonomo . Extended spectrum β- lactamase clinical update. Clinical
Microbiology Reveiws, Vol 18, 2005, 657-689.
8. Bush . Extended Spectrum β-lactamse (ESBL)- An emerging threat to
clinical theurapeutics. Indian Journal of Medical Microbiology, 22;
2004. 75-80.
9. Ederer G.M and M Clark . Motility Indole Ornithine medium. Appl
microbial.,2; 1970.849-850.
10. Essam. A.Azab. Membrane Vesicles and β- Lactamase in Erwinia
herbicola. Egyptian Journal of Biology, Vol 6; 2004. pp 1-11.
11. Fonze E.P, Charleir Y. Toth, Vermeire M, Raquet X, Dubus A and Frere
J M . TEM-1 β- lactamase structure solved by molecular rep;acement
and refined structure of S235A mutant. Acta Cryst, 51; 1995. 682-694.
12. Gniadkowski M, Palucha A, Grzesioski P and Hryniewiez W . Outbreak
of Ceftazidime resistant in a pediatric hospital in Warshaw, Poland:
Clonal spread of the TEM-47 extended spectrum β-lactamase (ESBL)producing strains and transfer of a plasmid carying the SHV-5 like
ESBL encoding gene. Antimicrob. Agents Chemother., 42; 1998. 30793085.
13. Hall. CTX-m changing the face of ESBLs in U.K. Journal of
Antimicrobial Chemotherapy, 56; 2005. 451-454.
14. Hogenauer C, Langner C, Beubler E et al . Klebsiella oxytoca as a
causative organism of antibiotic associated hemorrhagic colitis. N. Engl.
J. Med., 355 (23); 2006. 26-2418.
15. Huletsky. Effect of D240G substitution in a noval ESBL CTX-M-27
Journal of antimicrobial chemotherapy,52; 2003. (29-35).
16. Jarlier V, Nicholas M.H, Fournier G and Philippon A . Extented broadspectrum β-lactamase conferring ransferable resistance to newer βlactam agent in Enterobacteriaceae: Hospital prevalence and
susceotibility patterns. Reviews of Infection Disease, 10; 1988. (78867).
17. Karder A.A, Angamuthu K.K, Kamath K.A, Zaman M.N. In British
Journal of Biomedical Science. 2006
18. Kirby-Bauer . Detection of extended spectrum β-lactamase priduction in
clinical isolate of Klebsiella spp. Indian Journal of medical research,45;
2008. 6-493.
19. Loew.O . A new enzyme of general cuurence in organism. Science
(journal), 11(279); 1900. 701-702.
20. Weinbren .M.J and Borthwick .M.A . Rapid detection of extended
spectrum β-lactamase (ESBL) production organism in blood. Journal of
Antimicrobial Chemotherapy, 55(1); 2005. 131-132.
21. Oberhofer .T.R and Hajkowski.R . Evalution of non lactose fermenting
member
of
the
Klebsiella-Enterobacteriaceae
serratia

Page 429

Dasgupta Rubin et al. IRJP 2012, 3 (5)
division.1.Biochemical characteristic, Am.J.clin pathol, 54;1970. 720725.
22. Paterson D.J, Hujer K.M Hujer A.M et al . Extended Spectrum β
lactamases in bloodstream isolates from seven countries, domainanse
and widespread prevelence of SHV and CTX-M type β- lactamases, 60.
2003
23. Patterson J.E, Hardin T.C, Kelly C.A, Garcia R.C and Jorgensen J H.
Association of antibiotic utilization measures and control of mutiple-

drug resistance in Klebsiella pneumoniae. Infection control hospital
epidemiology, 21; 2000. 455-458.
24. Simmon, Koser .Identification of Gram Negative aerobic fermenter in a
clinical bacteriological lab. Medical microbiology and immunology.,
1973 (1-210).
25. Sumner J.B and Garlen N . The molecular weight of crystalline catalase.
Science journal, 87(2256); 1938. 284.

Table-1. Biochemical characteristics of Escherichia coli and Klebsiella sp.
Biochemical test
Escherichia coli
Klebsiella sp.
Oxidase
Negative
Negative
Urease
Negative
Positive
Citrate
Negative
Positive
Indole
Positive
Negative
TSI slant
A/A
A/A
Glucose
Positive
Positive
Lactose
Positive
Positive
Mannose
Positive
Positive
Sucrose
Different strains gave different results
Positive

Antibiotic Disk
Cefpodoxime
Ceftazidime
Cefotaxime
Cefoxitin
Ceftriaxone
Aztreonam
Cefepime
Cefoxitin

Concentration (µg)
10
30
30
30
30
30
30
30

Table-2. Standard Disk Diffusion Criteria
Inhibition Zone (mm)
Strains Characteristics
Resistant
≤17
Resistant
≤22
Resistant
≤27
Sensitive
≥18
Resistant
≤25
Resistant
≤27
Resistant
≤14
Resistant
≤14

Type of ESBL Producer
TEM or SHV/AMP-C
TEM or SHV/AMP-C
TEM or SHV/AMP-C
TEM or SHV/AMP-C
TEM or SHV/AMP-C
TEM or SHV/ AMP-C
AMP-C
AMP-C

Table-3. Minimum Inhibitory Concentration (MICs) of antibiotics alone and in combination with Clavulanic acid for ESBL producers (Inhibitory
potentiated disc diffusion method)
Antibiotic disc
Strain characteristic
Inhibition
MIC’s of
Strain
MICs of antibiotic
antibiotic
Characteristic
with Clavulanic acid
(antibiotic+ clavulanic acid)
zone
(µg/ml)
(antibiotic alone)
Cefpodoxime
Resistant
Sensitive
≥8
≤2
≤17
Ceftazidime
Resistant
Sensitive
≥32
≤8
≤22
Aztreonam
Resistant
Sensitive
≥32
≤8
≤22
Resistant
Sensitive
Cefotaxime
≥64
≤8
≤27
Ceftriaxone
Resistant
Sensitive
≥64
≤8
≤25
Table-4. Characterization and identification of isolates from differevt ICU and IPD samples
Samples
Escherichia coli Klebsiella sp. Total bacterial isolates
32(64%)
18(36%)
50
Urine
Pus
06(66.6%)
03(33.3%)
09
Sputum
02(33.3%)
04(66.6%)
06
BAL(Broncho alveolar lavage)
02(40%)
03(60%)
05
02(20%)
08(80%)
10
ET
Total
44 (55%)
36(45%)
80

Organism
E.coli
Klebsiella sp.
Total

Table-5. ESBL positive and negative isolates
ESBL phenotypic positive ESBL phenotypic negative
31(70.4%)
13(29.5%)
31(86.1%)
05(13.8%)
62(77.5%)
18(22.5%)

Total
44
36
80

Table-6. Resistant profile of ESBL producers
Antibiotic groups
Resistant percent
S.No
1
Penicillin
100%
2
Fluoroquinolones
100%
3
Aminogycosides
60%
4
90%
β- lactamase inhibitor
Cephalosporins
100%
5
6
Lepopeptides
0%
7
Carpenems
25%
Monobactum
100%
8
9
Nitrofurantoins
67%
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