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Abstract
Background: Detection of Extended spectrum beta lactamase (ESBL) enzyme producing bacteria in hospital 
settings is very important as ESBL genes are transmissible. Objective: This study was carried out to determine the 
distribution of ESBL producing gram negative isolates at a tertiary care hospital in Dhaka city which deals with 
different types of patients. Methodology: Clinical specimens were collected from the patients attending the 
microbiology laboratory of Dhaka Medical College from outpatient and inpatient department, Dhaka, during the 
period of July 2014 to June 2015. Results: Out of 191-gram negative bacteria 73 (38.22%) were positive for ESBL 
production by DDS test. Those out of 73 ESBL producers 50 (68.49%) were positive for ESBL encoding gene 
blaCTX-M-15 and 36 (49.32%) for blaOXA-1 by PCR. By DDS test, Among the ESBL producers, Escherichia 
coli was the highest (43.84%%) which was followed by Pseudomonas species (15.07%), Klebsiella species 
(15.07%), Citrobacter spp. (8.22%) and Proteus species (6.85%). Out of 24 Esch. coli isolated from outpatient 
department, 7(29.2%) were positive for ESBL. On the other hand, out of 30 Esch coli isolated from inpatient 
department, 25 (83.33%) were positive for ESBL. The difference was statistically significant (p<0.001). 
Conclusion: In conclusion, the distribution of ESBL producers is more among the hospitalized patients than the 
patients of the community. 
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Introduction
Gram negative bacteria intrinsically can produce both 
chromosomal and plasmid mediated beta lactamases 
enzymes due to selective pressure created by beta lactam 
substances produced by soil organisms. TEM-1 was the 1st 

plasmid mediated beta lactamase enzyme described in early 
1960. Subsequently extended spectrum beta lactamases 
(ESBLs) are identified1. ESBLs are 2be group enzymes of 

Bush-Jacoby-Medeiros classification and some of group 2d 
enzymes which has similar functional properties like group 
2be enzymes2. These enzymes are produced by members of 
Enterobacteriaceae such as Esch. coli, K. pneumoniae, 
Citrobacter spp, Proteus spp, Enterobacter spp, 
Morganella morganii, Serratia marsescens and other 
gram-negative bacteria such as Pseudomonas aeruginosa 
and Acinetobacter baumannii1.
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ESBLs are efficiently capable of hydrolyzing penicillins, 
early cephalosporins such as cephaloridine and cephalothin 
except cephamycins, the oxyimino group containing 
cephalosporins like cefotaxime, ceftazidime, and 
monobactam and are usually inhibited by beta lactamase 
inhibitors such as clavulanic acid, sulbactam  and 
tazobactam3,5.
In addition, ESBLs genes are frequently intermingled with 
other antibiotic resistance genes such as tetracycline, 
aminoglycosides, trimethoprim, sulphonamide, 
chloramphenicol and quinolones making them multidrug 
resistance4. High prevalence of ESBL producers are 
documented from all over the country. Prevalence of 
ESBLs differs significantly geographically and depends on 
various factors6.Enterobacteriaceae are the most common 
group of gram-negative rods isolated in clinical 
laboratories7. Hence Detection of ESBL production by 
Enterobacteriaceae and other gram-negative bacteria have 
paramount importance to ensure appropriate antibiotic 
treatment. With this view this study was designed to find 
out the distribution of ESBL producing bacteria isolated 
from different clinical specimens of Dhaka Medical 
College and Hospital in Dhaka city of Bangladesh.

Methodology
Study Settings and Population: This cross-sectional study 
was conducted in the Departmetn of Microbiology at 
Dhaka Medical College, Dhaka, Bangladesh from July 
2014 June 2015 for a period of one year. The clinical 
specimens were collected from the patients attending the 
microbiology laboratory of Dhaka Medical College, 
Dhaka, Bangladesh from outpatient and inpatient 
department. In total 191-gram negative bacteria were 
isolated and identified from different types of samples such 
as urine, wound swab, endotracheal aspirate and blood. 
Samples were collected by aseptic standard procedures. 
Detection of Bacterial Species: Blood agar and 
MacConkeys’s agar media were used for the primary 
isolation of the bacteria. Identification of every particular 
gram-negative bacterium was done by Gram staining, 
observing colony morphology, oxidase test, inoculation 
into Triple sugar iron (TSI), Motility indole urea (MIU) and 
Simmons citrate agar media. ESBL producing bacteria was 
detected by screening test that is Double disc synergy test 
(DDST). Then detection of ESBL encoding genes such as 
blaCTX-M-15 and blaOXA-1 were detected by PCR. PCR 
was taken as gold standard. Klebsiella pneumoniae ATCC 
700603 was used as reference strain for ESBL positive .

control. The strain of Esch. Coli, which was sensitive to 
ceftazidime, ceftriaxone, cefotaxime and aztreonam was 
used as negative control. 
Screening Test: Standard inoculum of bacterial 
suspension matched to 0.5 McFarland was made and 
Mueller Hinton Agar (MHA) plate was inoculated properly 
with bacterial suspension. Ceftazidime (30 g), Ceftriaxone 
(30µg), Cefotaxime (30µg) and Aztreonam (30µg) discs 
(Oxoid, England) were placed onto MHA plate and 
incubated overnight at 37ºC. When inhibition zone of any 
isolate to Ceftazidime ≤22mm or Aztreonam ≤27mm, or 
Cefotaxime ≤27mm or Ceftriaxone ≤25mm alone or in 
combination was found then the isolate was taken as 
screening test positive.
Double Disc Synergy Test (DDST) test8-9: The MHA 
plate was inoculated with bacterial suspension matched to 
0.5 McFarland. Ceftazidime (30µg), Ceftriaxone (30µg), 
Cefotaxime (30µg) and Aztreonam (30µg) discs were 
placed 15 mm distance centre to centre from amoxiclav 
disc (20mg amoxicillin and 10mg of clavulanic acid) 
which was placed at middle. Any extension of inhibition 
zone of antimicrobial discs (one or more) towards 
amoxiclav disc confirmed the presence of ESBL.
Molecular Characterization ESBL Producers by PCR10 
test: The presence of ESBL genes such as blaCTX-M-15 
and blaOXA-1 genes among the ESBL producers  were 
detected by polymerase chain reaction (PCR). To prepare 
bacterial pellets, a loop full of bacterial colonies was 
inoculated into a Falcon tube containing trypticase soy 
broth. After incubation overnight at 37⁰C, the Falcon tubes 
were centrifuged at 4000 ×g for 10 minutes, after which the 
supernatant was discarded. A small amount of sterile 
trypticase soy broth was added into the Falcon tubes with 
pellets and mixed evenly. Then an equal amount of 
bacterial suspension was placed into 2 to 3 to 
microcentrifuge tubes. The microcentrifuge tubes were 
then centrifuged at 4000×g for 10 minutes and the 
supernatant was discarded. The microcentrifuge tubes 
containing bacterial pellets were kept at -20⁰C until DNA 
extraction. Bacterial DNA was extracted by the boiling 
method7. The following pairs of previously used primers 
were used to yield PCR products: for 
blaCTX-M-15-CACACGTGGAATTTAGGGACT 
(forward), GCCGTCTAAGGCGATAAACA (reverse) and 
for blaOXA-1- ACCAGATTCCAACTTTCAA (forward), 
TCTTGGCTTTTATGCTTG (reverse)8. The following 
cycling parameters were used: initial denaturation at 95⁰C 
for 10 minutes, then 30 cycles of denaturation at 95⁰ C for 



one minute, annealing at 63⁰C (for blaNDM-1), 52⁰ C (for 
blaIMP), 52⁰ C (for blaVIM) for 45 seconds, extension at 
72⁰C for one minute and 30 seconds, and a final extension 
at 72⁰ C for 10 minutes. The amplified DNA were loaded 
into a 2% agarose gel, electrophoresed at 100 volts for 30 
minutes, stained with 1% ethidium bromide, and visualized 
under UV light.
Statistical Analysis: Statistical analysis was performed by 
Windows based software named as Statistical Package for 
Social Science (SPSS), versions 22.0 (IBM SPSS Statistics 
for Windows, Version 22.0. Armonk, NY: IBM Corp.). 
Continuous data were expressed as mean, standard 
deviation, minimum and maximum. Categorical data were 
summarized in terms of frequency counts and percentages. 
Every efforts were made to obtain missing data. 
Ethical Consideration: All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) and 
also with the ethical guidelines of the Institutional research 
ethics. Formal ethics approval was granted by the local 
ethics committee. Participants in the study were informed 
about the procedure and purpose of the study and 
confidentiality of information provided. All participants 
consented willingly to be a part of the study during the data 
collection periods. All data were collected anonymously 
and were analyzed using the coding system.

Results 
Total isolated gram-negative bacteria were 191 and the 
most frequently isolated bacteria was Escherichia coli. Out 
of 54 Escherichia coli, 32 (4.24%) was confirmed as ESBL 
producers by PCR test  (Figure I). 

Significantly highest (83.33%) percentage of ESBL 
producing Escherichia coli had been identified from 
inpatient department (IPD) and a much less amount of 
29.2% isolates. ESBL producing Escherichia coli was 
detected from outpatient department (OPD). Urine was the 
most common sample from which Escherichia coli was 
isolated. Sixty six percent of total Escherichia coli was 
isolated from urine samples. Out of 24 Escherichia coli 
isolated from urine samples of inpatient department, 
21(87.5%) were ESBL producers and 5(41.7%) were ESBL 
producers among 12 Escherichia coli isolated from urine of 
outpatient department. Difference of ESBL production by 
Escherichia coli between inpatient and outpatient 
department was statistically significant (Table 1).

About 32 (59.26%) ESBL producing Escherichia coli out 
of total 54 Escherichia coli, and isolated 25.0% of 
Pseudomonas species, 14.29% of Acinetobacter baumannii 
and 42.31% of Klebsiella species were ESBL producers. 
Next to Escherichia coli, Pseudomonas species numbered 
second, Acinetobacter baumannii numbered third and 
Klebsiella species numbered fourth position among 191 
bacterial isolations. ESBL producing Pseudomonas species 
were 11(25.0%) out of 44, ESBL producing Acinetobacter 
baumannii were 4(14.3%) among 28, ESBL producing 
Klebsiella species were 11(42.31%) out of 26, ESBL 
producing Citrobacter species were 6 (40.0%) among 15 
and ESBL producing Proteus species were 5(38.46%) out 
of 13. In all strains number of inpatient ESBL producing 
isolates were higher than outpatient department (Table 2).  
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Figure I: Showing the ESBL Producing Escherichia coli
 (n=54)

Table 1: ESBL producing Escherichia coli detected by
Different Methods

Test

Screening 
test

DDST

PCR

32

20

27
ESBL

(27.0%)

Inpatient Department 

Positive

04

16

09

Negative Positive Negative

36

03

05

Total

07

03

05
     ESBL

     (27.0%)

11

15

13

18

18

18

Total

Outpatient Department

ESBL ESBL



Discussion
Over the years beta lactamase antibiotics are prescribed for 
both hospital acquired and community acquired infections. 
The continued use of these antibiotics produces selective 
pressure for pathogenic and commensal bacteria to produce 
and maintain beta lactam antibiotic destroying mechanisms. 
Discovery of different types of beta lactamase enzymes are 
the best example of this long-continued pressure. Now a 
days multiple broad-spectrum beta lactamases produced by 
multi drug-resistant Klebsiella pneumoniae, Acinetobacter 
species, Pseudomonas aeruginosa and Enterobacter species 
have disseminated through gram-negative pathogens11.
In this research work ESBL producing isolates were 
identified from clinical specimens of outpatient (OPD) and 
inpatient department (IPD). ESBL strains obtained from 
outpatient department figured out community involvement. 
In contrast ESBL infections of inpatient department denoted 
nosocomial participation. This study reported 32(54.2%) 
ESBL Escherichia coli out of total 59 Escherichia coli, in 
which 81.5% was from inpatient department and 31.25% 
from the outpatient department. Significant presence of 
higher percentage of ESBL producing Escherichia coli in 
inpatient department in present study indicates certain 
degree of nosocomial spread of infections. Significantly 
higher number of ESBL producing Escherichia coli was 
detected from urine of inpatient department which is 
consistent with findings of several studies6,12,13. Isolated 
43.75% of Enterobacter species, 54.55% of Proteus species 
and 57.1% of Klebsiella species were ESBL producers. 
Vinodini et al., found low percentage of ESBL Enterobacter 
species and Proteus species and Rao et al., showed higher 
percentage of ESBL Proteus species14,15.
ESBL Enterobacter species, ESBL Proteus species and 
ESBL Klebsiella species isolation numbers were high in IPD 
than OPD. Identification of ESBL Acinetobacter species 
was very important because this is one of the multidrug 
resistant pathogens11 and now a day it is being isolated from 
various biological specimens. This study also documented 
ESBL Pseudomonas species from IPD samples as reported 

by other study15. Isolations of ESBL Acinetobacter (7.24%) 
and ESBL Pseudomonas strains (1.45%) were alarming 
because they are environmental bacteria, difficult to 
control9. All isolated Serratia species were identified from 
IPD blood samples sent for blood culture and all of them 
were ESBL producers. Serratia infections are clearly related 
to hospitalization9. Comparable findings wer e documented 
by other studies16-21.

Conclusion
The present study reveals significant number of ESBL 
producing gram negative bacteria which demands routine 
practice of ESBL testing in microbiology laboratory of 
Dhaka Medical College hospital for reporting.
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Negative 
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