
Abstract
ESBL producing Pseudomonas aeruginosa has been reported to be an important cause of nosocomial infection. The study was undertaken to 
determine ESBL producing Pseudomonas aeruginosa by phenotypic method and to detect bla OXA-10 ESBL gene by molecular 
method. A total of 288 wound infection cases attending the in-patient department of Mitford Hospital and Dhaka Medical College 
Hospital were enrolled for this study. Pseudomonas aeruginosa was isolated following standard procedure and subjected to antimicrobial 
susceptibility test by disc-diffusion method. Ceftazidime resistant strains were confirmed by MIC by agar dilution method. Confirmed 
ceftazidime resistant strains were tested for ESBL production by CLSI phenotypic confirmatory disc diffusion test (PCDDT) and bla 
OXA-10 ESBL gene was identified by employing conventional PCR. Out of 92 Pseudomonas aeruginosa, confirmed ceftazidime 
resistant strains were 60.  PCDDT detected 49 (81.67%) ESBL producers and PCR detected 44 (73.33%) positive strains for bla 
OXA-10 ESBL gene among 60 ceftazidime resistant strains of Pseudomonas aeruginosa. The study showed high proportion of ESBL 
producers among  ceftazidime resistant  Pseudomonas aeruginosa. 
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Introduction 
Pseudomonas aeruginosa is a Gram negative bacillus of 
clinical significance and the reason of severe infections 
in patients with diseases including cystic fibrosis, major 
surgery, burn, diabetes, cancer and deliberate immuno-
suppression.1 Infections with Pseudomonas aeruginosa are 
life-threatening and hard to treat because of
development of resistance against many antimicrobials.2,3 

Development of resistance against antimicrobials in 
Pseudomonas aeruginosa is multifactorial. The innate 
resistance to many antimicrobial is generally due to its 
low outer membrane permeability, multidrug efflux 
pumps, production of inducible AmpC chromosomal 
β-lactamase and acquired resistance is due to the 
production of various plasmid-mediated β-lactamase 
enzymes like extended-spectrum β-lactamases (ESBLs), 
metallo β-lactamases (MBLs).2,4 ESBLs are plasmid 
mediated enzymes that mediate resistance to extended-
spectrum (third generation) cephalosporins and monobactams 

but do not affect cephamycins or carbapenems.5

Various Ambler’s class A ESBLs such as TEM-, SHV-, PER-, 
VEB-  type and class D ESBL such as OXA- type ESBL 
have been found in Pseudomonas aeruginosa.6,7,8,9 
OXA-type ESBLs are predominant in Pseudomonas 
aeruginosa and most OXA-type ESBLs have been 
derived from OXA-10 (OXA-11, OXA-14, OXA-16 and 
OXA-17).7

  
The present study is designed to identify Pseudomonas 
aeruginosa from wound swab and to detect the presence 
of ESBL phenotypically by PCDDT and alongside 
genotypic detection of bla OXA-10 ESBL gene by 
conventional polymerase chain reaction (PCR). 

Materials and Methods 
Sample size 
A cross sectional study was carried out in the department 
of Microbiology in Sir Salimullah Medical College 
during the period of January, 2016 to December, 2016. 
The research protocol was approved by Ethical Review 
Committee of Sir Salimullah Medical College and 
Mitford Hospital. 288 wound infection cases attending 
the in-patient department of Surgery and Burn unit of 
Sir Salimullah Medical College and Mitford Hospital 
and also Burn and Plastic Surgery unit of Dhaka Medical 
College Hospital irrespective of age, sex and antibiotic 
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use were enrolled for this study. Among 288 samples, 
174 were burn wound swab, 78 samples were surgical 
wound swab and 36 were diabetic wound swab. Clean 
surgical wounds without sign of infection were excluded 
for this study.  
 
Sample collection 
Wound swab samples were collected by sterile cotton 
tipped swab moistened with sterile saline. During collection, 
the swab was taken by zigzag pattern by rotating the 
swab stick across the wound without touching the 
surrounding wound edge or skin. The specimens were 
immediately kept in a sterile test tube, capped properly 
and labelled. Then swabs were transferred to microbiology 
lab without any delay. 

Isolation and identification of Pseudomonas aeruginosa 
All wound swabs were inoculated onto Blood agar media 
and MacConkey agar media and were incubated aerobically 
at 37°C for 18-24 hours. Pale colonies on MacConkey 
agar media, Gram-negative bacilli on Gram staining, 
pink-red slope and butt without production of gas and
H2S on KIA media, motile, negative urease and indole 
on MIU media, positive citrate and oxidase test were 
identified as Pseudomonas spp.10 Suspected Pseudomonas 
spp. were subcultured on Cetrimide agar media and 
incubated at 37°C for 18-24 hours for confirmation of 
Pseudomonas aeruginosa. Cetrimide agar media is a selective 
media for Pseudomonas aeruginosa.11 
 
Antimicrobial susceptibility test 
Antimicrobial susceptibility test was done by Kirby-Bauer 
modified disc diffusion technique according to the CLSI 
guidelines12. The antibiotics tested were Gentamicin 
(10µg/disc), Amikacin (30µg/disc), Imipenem (10µg/disc), 
Meropenem (10µg/disc),  Ceftazidime (30µg/disc), 
Cefepime (30µg/disc), Ciprofloxacin (5µg/disc), Levofloxacin 
(5µg/disc), Piperacillin-tazobactam (100/10µg/disc), 
Aztreonam (30µg/disc), Colistin (10µg/disc) and
Polymyxin B (300 units/disc) from Oxoid Ltd, UK. 
Pseudomonas aeruginosa ATCC 27853 was used as
negative control.  

Minimum inhibitory concentration (MIC) of ceftazidime 
resistant strains   
65 ceftazidime resistant strains detected by disc diffusion 
technique were subjected to MIC by agar dilution method13 
for confirmation of resistance.  To prepare ceftazidime 
stock solution, 250 mg ceftazidime base powder was 
dissolved in 5ml distilled water. Then 50 ml sterile 
Mueller-Hinton agar (MHA) was impregnated with 8µl, 
16µl and 32µl of ceftazidime stock solution with the help 
of micropipette tips to achieve working concentration of 

8µg/ml, 16µg/ml and 32µg/ml respectively. To obtain 104 

CFU/spot on the agar surface, 1µl of 10 times diluted 
0.5 McFarland turbidity of test inoculums were placed 
on ceftazidime impregnated MHA plate. The plate was 
observed after overnight incubation at 37°C. The lowest 
concentration of ceftazidime impregnated MHA showing 
no visible growth on agar medium was considered as 
MIC of ceftazidime of that strain of Pseudomonas
aeruginosa. Confirmed ceftazidime resistant strains 
detected by MIC were subjected for phenotypic detection 
of ESBL and molecular detection of bla OXA-10 ESBL 
gene by conventional PCR. 
 
Detection of ESBL by phenotypic method 
ESBL production was evaluated phenotypically by CLSI 
phenotypic confirmatory disc diffusion test (PCDDT).12 

0.5 McFarland standard of each isolates was spread on 
MHA plate. Then Ceftazidime (30µg/disc) and ceftazidime/
clavulanic acid (30/10µg/disc), cefotaxime (30µg/disc) 
and cefotaxime / clavulanic acid (30/10µg/disc) from 
Himedia Ltd, Mumbai, India were placed at a distance 
of 30 mm apart from center to center and then incubated 
overnight at 37°C. A ≥ 5 mm increase in zone diameter 
for either antimicrobial agent combined with clavulanic 
acid versus the zone diameter of the agent alone inferred 
the presence of ESBL production. 
 
Detection of bla OXA-10 ESBL gene by PCR 
DNA extraction 
Few isolated bacterial colonies were taken from MHA 
media, inoculated into test tube containing Tryptone soy 
broth and incubated at 37°C for 24 hours. Then it was 
centrifuged. Supernatant was removed and pellets were 
transferred into an eppendorf tube for DNA extraction. 
DNA was extracted from bacterial pellets by boiling 
method.14 Extracted DNA was used for amplification of 
DNA by PCR. PCR was done by using specific primers 
for detection of bla OXA-10 ESBL.
 
DNA amplification 
Primer sequence for bla OXA-10 ESBL gene15   
Forward primer, OXA-10 F:  5’- ATTATCGG-
CCTAGAAACTGG -3’ Reverse primer,OXA-10 R: 5’-
CTTACTTCGCCAACTTCTCTG -3’ Product size: 170 
bp Ladder: 100bp
 
Visualization and interpretation of results 
The gel was observed under UV trans-illuminator for DNA 
bands. The DNA bands were identified according to their 
molecular size by comparing with 100bp molecular weight 
marker loaded in a separate lane. Sample showing the 
presence of corresponding 170 bp bands were considered 
positive for presence of bla OXA-10 ESBL gene. 
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Results 
Culture of 288 wound swab yielded 229 (79.51%) organisms. 
Among 229 isolates, 149 (85.63%) were from burn 
wound swab, 46 (58.97%) were from surgical wound 
swab and 34 (94.44%) were from diabetic wound swab 
(Table-I).

Table-I: Distribution of bacteria isolated from different 
types of wound swab (n=288)

Out of 229 isolates, confirmed Pseudomonas aeruginosa 
were 92 (40.17%). In the present study the isolates of 
Pseudomonas aeruginosa showed a pattern of resistance 
Gentamicin 72.83%, Amikacin 71.74%, Imipenem and 
Meropenem 38.04%, Ceftazidime 70.65%, Cefepime 
65.22%, Ciprofloxacin and Levofloxacin 75.00%, 
Piperacillin-tazobactam 28.26%,  Aztreonam 64.13%,  
Colistin 4.35% and none of the isolates were resistant to 
Polymyxin B (Figure 1). Out of 92 Pseudomonas aeruginosa, 
ceftazidime resistant strains were 65 (70.65%) detected 
by disc diffusion method. The MIC results showed that 
out of 65, 60 (92.31%) had MIC ≥ 32 µg/ml and 05 
(7.69%) had MIC 16 µg/ml. These 60 ceftazidime resistant 
strains were subjected for phenotypic detection of ESBL 
and molecular detection of bla OXA-10 ESBL gene by 
conventional PCR. Out of 60 ceftazidime resistant 
strains of Pseudomonas aeruginosa, PCDDT identified 49 
(81.67%) ESBL producers and PCR detected 44 
(73.33%) bla OXA-10 ESBL gene producers among 60 
ceftazidime resistant strains of Pseudomonas aeruginosa 
(Table-II).

Table-II :   Result of phenotypic method and molecular 
method among ceftazidime resistant Pseudomonas aeruginosa 
for detection of ESBL (n=60) 

49 (100%) and 45 (91.84%) ESBL producing strains of 
Pseudomonas aeruginosa showed sensitivity to polymyxin 
B and to colistin respectively. 
 
Discussion 
In the present study, 288 samples were collected from 
different types of infected wound. Out of 288 samples, 
total 229 (79.51%) bacteria were isolated. Out of 229 
isolates, confirmed Pseudomonas aeruginosa were 92 
(40.17%).

Among the isolated Pseudomonas aeruginosa, 72.83% 
were resistant to Gentamicin, 71.74%  to Amikacin, 
38.04% of each to imipenem and  meropenem, 70.65%  
to Ceftazidime, 65.22% to Cefepime, 75% of each to 
Ciprofloxacin and Levofloxacin, 28.26% to Piperacillin
-tazobactam,  64.13% to Aztreonam, 4.35% to Colistin 
and 0.00% to Polymyxin B. Abedin16 reported more or 
less similar findings like the present study. In the current 
study, Ciprofloxacin, Levofloxacin, Gentamicin, Amikacin, 
Ceftazidime, Cefepime and Aztreonam showed more 
resistance against the isolates of Pseudomonas aeruginosa 
(Figure 1). On the other hand Polymyxin B and Colistin 
showed more sensitivity against Pseudomonas aeruginosa. 
This study reported decreased susceptibility of the
Pseudomonas aeruginosa to several antimicrobials
probably due to higher usage of these antibiotics.
  
The present study showed 81.67% ceftazidime resistant 
strains were ESBL producers detected by PCDDT 
(Table-II). Velvizhi et al17 reported 66.66% ESBL 
producing Pseudomonas aeruginosa in India detected by 
PCDDT. The ESBL producing Pseudomonas aeruginosa are 
increasing with time in Bangladesh which might be due 
to overuse and misuse of antibiotics.  

PCR is the gold standard method for detection of ESBL 
producers. In this study, 73.33% ceftazidime resistant 
strains of Pseudomonas aeruginosa were positive for bla 
OXA-10 ESBL gene (Table-II) which was more or less 
similar with the findings of Farzana et al18 who reported 
80% bla OXA producing Pseudomonas aeruginosa in
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Methods for  ESBL detection Ceftazidime resistant strains (60) 

Positive                        Negative

No. (%)                        No. (%)
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Surgical wound swab

Molecular method for bla OXA-10 gene
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Figure-I: Antibiotics  resistance  pattern of Pseudomonas
aeruginosa 
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Bangladesh. Al-Rubaye et al15 and Ahmed et al19 found 
19.4% and 7.1% bla OXA-10 producing Pseudomonas 
aeruginosa in Iraq and in Saudi Arabia respectively. This 
variation might be due to the fact that different regions 
have different prevalence of resistance determinant 
genes. In the present study, negative strains of
Pseudomonas aeruginosa for bla OXA-10 ESBL gene 
might be due to other ESBL responsible genes that were 
not studied in this study.  
 
Conclusion 
The present study showed 81.67% ceftazidime resistant 
strains of Pseudomonas aeruginosa were ESBL producers 
detected by phenotypic method and 73.33% ceftazidime 
resistant strains were positive for bla OXA-10 ESBL 
gene detected by molecular method. In this study,
Polymyxin B and Colistin were found to be most effective 
drug for the treatment of infection caused by ESBL 
producing Pseudomonas aeruginosa. The study reflected 
that the proportion of ESBL producing Pseudomonas 
aeruginosa are increasing in Bangladsesh. Prompt and 
accurate detection of these strains is so important to 
prevent their spread and also to guide appropriate use of 
antibiotics.
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