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This present study was undertaken for detection of extended spectrum β-lactamases (ESBLS) enzyme 
genes among clinical isolates of Pseudomonas aeruginosa using phenotypic and molecular 
techniques. Thirty-four P. aeruginosa isolates from different hospitals in Nsukka and University of 
Nigeria Teaching Hospital (UNTH), Enugu were screened for the presence of ESBL-encoding genes. 
Phenotypic screening for ESBL producers was carried out using double disk synergy test and 
combined disk test. Genomic DNA was extracted from the isolates by modified boiling method. 
Extracted DNA was amplified by polymerase chain reaction (PCR) using ESBL specific primers namely 
Bla GES, PER, OXA-50, SHV, CTX-M and TEM. The results revealed that a total of 15 isolates of P. 
aeruginosa were identified as ESBL producer by phenotypic approaches which exhibited varying 
degrees of resistance to an array of antibiotics tested. While, the PCR screening revealed that 53.33% 
(n=8) of the isolates that were phenotypically ESBL positive harboured bla OXA-50 gene. However, the 
genes that encode PER, GES, SHV, TEM and CTX-M were not found in any of the P. aeruginosa isolates. 
This study highlights the need to establish antimicrobial resistance surveillance network to determine 
the appropriate empirical treatment regimen for Pseudomonas infections.  
 
Key words: Pseudomonas aeruginosa, antibiotic resistance extended spectrum β-lactamase (ESBL), 
polymerase chain reaction (PCR), Nsukka.  

 
 
INTRODUCTION 
 
Pseudomonas aeruginosa is widely known as an 
opportunistic pathogen, frequently involved in infections 
of immunosuppressed patients and also causes outbreak 
of hospital-acquired infections (Wirth et al., 2009). 
According to the USA  nosocomial  infection  surveillance 

system, P. aeruginosa is the third most common 
pathogen associated with hospital acquired infections, 
accounting for 10.1% of all nosocomial infections and is 
associated with high mortality rate (Moreaus-Marquis et 
al.,   2008).    This    infection   may   cause   septicaemia,  
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pneumonia, meningitis, wound, urinary tract, surgical 
wound, burn, and ear infections (Todar, 2008). It can 
tolerate diverse environmental conditions and resistant to 
many antimicrobial agents (Todar, 2014). This resistance 
in P. aeruginosa may be mediated via several 
mechanisms such as the production of β-lactamases, 
efflux pumps and target site or outer membrane 
modifications (Tam et al., 2010).  

Generally, extended spectrum β -lactamases (ESBLS) 
are a group of β-lactamases that hydrolyze penicillin and 
cephalosporin, including oxyamino-β-lactamase (third 
and fourth generation of cephalosporin) and aztreonam. 
These ESBL enzymes are known to be inhibited by β-
lactamase inhibitors, such as clavulanic acids, sulbactam 
and tazobactam (Peterson and Bonomo, 2005). These 
enzymes are most commonly found in Klebsiella 
pneumoniae and Escherichia coli and have been recently 
detected in P. aeruginosa at low frequency (Lee et al., 
2005). These enzymes are encoded by different genes 
located on chromosomes or plasmids and transposon 
and are easily disseminated by conjugation. Based on 
Ambler classification these enzymes are grouped into 
four groups A to D (Livermore, 2002; Shen and Fang, 
2015).  

Class B comprises metallo-β-lactamases, which use 
zinc for the facility reaction and can be inhibited by 
ethylenediaminetetracetic acid (EDTA), whereas classes 
A, C and D comprise serine β-lactamases, which can be 
resistant to many classes of cephalosporin and oxacillin. 
Class A is the most diverse class; it comprises enzymes 
that can inhibit β-lactamase inhibitors such as clavulanic 
acid, tazobactam, and sulbactam. Class A-lactamases 
are encoded by many genes such as those that encode 
VEB, PER, CTX, SHV and TEM (Bush and Jacoby, 
2010). Class C and D β-lactamases can be resistant to 
cephalosporin and oxacillin, respectively. The enzymes in 
these classes cannot be inhibited by β-lactamase 
inhibitors. There are many variants of the genes that 
encode class D β-lactamases, such as OXA-1, OXA-2, 
OXA-10 and OXA-50 (Poirel et al., 2010).  

Most studies on molecular characterization of ESBL 
producing organisms have been carried out worldwide 
but only few data are available concerning the genetic 
characterisation of clinical isolates from Nigeria. Rapid 
and prompt detection of ESBL producing P. aeruginosa is 
of utmost importance to declare the appropriate 
antimicrobial therapy and also for preventing cross-
transmission to other patients in the hospital. Several 
phenotypic methods have been proposed for ESBL 
detection on isolated P. aeruginosa strains such as 
double disk synergy test (DDST), combined disk tests 
(CDT)  methods and the ESBL-E test, but their 
discrepancy in sensitivity has been reported (Drieux et 
al., 2008). Moreover, there are specific molecular test for 
ESBL detection in bacterial isolates which reduce the 
time of detection and increase the sensitivity and 
specificity (Sharma et al., 2013). The application of 
molecular biology technique has  enhance  the  specificity 

 
 
 
 
and accuracy in diagnosis of P. aeruginosa strains and in 
the discovery of genotypic form of ESBL P. aeruginosa 
and how these genes disseminate into various isolates. 
However, there is little information on the molecular 
characterization of ESBL producing P. aeruginosa in 
Nigeria particularly in Southeastern Nigeria. Therefore, 
this study aimed to investigate the presence of ESBL 
production among the clinical isolates of P. aeruginosa 
using phenotypic and genotypic methods.  

 
 
MATERIALS AND METHODS 
 
The bacterial strains  
 
Thirty four (34) strains of P. aeruginosa were collected from 
Microbiology Laboratories from various hospitals in Nsukka and 
UNTH, Enugu between May and August, 2018. Ethical approval 
and informed consent was not required by our Institution Ethics 
Committee because all bacterial isolates were collected, processed 
and stored as part of routine diagnosis by the hospitals. No patient 
information was associated with the data. The isolates obtained 
from the various laboratories were further characterized using 16S 
rRNA primer targeting P. aeruginosa consensus region (Inqaba 
biotechnical Company, South Africa). 

 
 
Antimicrobial susceptibility test 
 
The antimicrobial susceptibility testing of P. aeruginosa was 
performed using the Kirby-Bauer disk diffusion method according to 
the Clinical and Laboratory Standard Institute (CLSI, 2014) 
guidelines. Commercially available antimicrobial disks of 
ceftazidime 30 µg (CAZ), cefepime 30 µg (FEP), ceftriaxone 30 µg 
(CRO), cefotaxime 30 µg (CTX), gentamicin 10 µg (CN), imipenem 
10 µg (IMP), Aztreonam 30 µg (ATM), piperacillin/tazobactam 
100/10 µg  (TZP), ciprofloxacin 5 µg (CIP), meropenem 10 µg 
(MEM) and piperacillin 100 µg (PPL) (Oxoid, U.K.) were used on 
Mueller Hinton Agar (Oxiod, UK) to test susceptibility. Zone of 
inhibition was recorded as sensitive or resistant according to CLSI 
(2014) guidelines. P. aeruginosa ATCC 27853 was used as positive 
control. 

 
 
Detection of ESBL by Double disk diffusion synergy test and 
combined disk method  
 
ESBL production in all isolates were detected by double disk 
synergy test (DDST) and combined disk test as described by Jarlier 
et al. (1998) and CLSI (2014), respectively. 100 μl of the 
standardized inoculum equivalent to 0.5 McFarland turbidity 
standards was inoculated onto sterile Mueller Hinton agar. 
Amoxicillin-Clavulanic acid disk consisting of  20 µg Amoxicillin and 
10 µg of clavulanic acid (AMC) (Hi-media) was placed in the centre 
of the plate and disks of third generation cephalosporin Ceftazidime 
(CAZ), ceftriaxone (CRO), cefotaxime (CTX) and Aztreonam (ATM) 
30 µg each were placed at 20 mm distance (centre to centre) from 
Amoxicillin-Clavulanic acid disk prior to incubation. The plate was 
incubated at 370C for 24 h. Enhancement of the zone of inhibition of 
any one of the four drug disks toward Amoxicillin-Clavulanic acid 
suggested the presence of extended spectrum beta-lactamases.  

Combined disk test (CDT) as recommended by the CLSI, for 
detecting ESBLS in K. pneumoniae and E. coli, were also 
performed in all presumed to be ESBL producer by placing disks of 
ceftazidime (CAZ),  cefotaxime  (CTX)   (30 µg  each),  ceftazidime- 



Agbo et al.         1085 
 
 
 
Table 1. Primer sequences and PCR conditions used to detect ESBL genes. 
 

Gene  Primer Sequence (51 – 31) PCR Conditions  
Amplicon 
size (bp) 

Reference  

Bla GES  
GES IF  ATGCGCTTCATTCACGCAC 

Initial denaturation of 94°C for 4 min; 35 cycles of denaturation of 94°C for 1 min; annealing 
at 50°C for 1 min; extension at 72°C for 1min and final extension at 72°C for 5 min  

860 Poirel et  al. (2001)  
GES IR CTATTTGTCCGTGCTCAGG 

     

BLa PER  
PER-IF AATTTGGGCTTAGGGCAGAA 

933  Z21957 
PER 1R ATGAATGTCATTATAAAAGC 

      

OXA-50 
OXA-F GAAAGGCACCTTCGTCCTCTAC Initial denaturation of 95°C for 5 min; 35 cycles of denaturation of 95°C for 1 min; annealing 

at 54°C for 1 min; extension at 72°C for 45S and final extension at 72°C for 10 min  

400 Accession No.:  Am117128 

OXA-R CAGAAAGTGGGTCTGTTCCATC - - 

      

TEM  
F GAGACAATAACCCTGGTAAAT Initial denaturation of 94°C for 5min; 35 cycles of denaturation of 94°C for 45S; annealing at 

55°C for 30S; extension at 72°C for 3 min and final extension at 72°C for 5 min 

459 Parajuli et al. (2016) 

R AGAAGTAAGTTGGCAGCAGTC - - 

      

SHV 
F GTCAGCGAAAAACACCTTGCC 

Initial denaturation of 94°C for 5 min; 35 cycles of denaturation of 94°C for 45 S; annealing 
at 60°C for 30 S; extension at 72°C for 3 min and final extension at 72°C for 5 min  

383 Parajuli et al. (2016) 
R GTCTTATCGGCGATAAACCAG 

     

CTX-M 
F GAAGGTCATCAAGAAGGTGCG 560 Parajuli et al. (2016) 

R GCATTGCCACGCTTTTCATAG -  

 
 
 
clavulanic acid (CAZ/CAC), and cefotaxime-clavulnaic acid 
(CTX/CEC), (30/10 µg each) (Hi-Media) on Mueller-Hinton 
agar plates which was inoculated with test strain at a 
distance of 20 mm from each other and then incubated at 
37°C for 18 to 24 h. Isolate that showed increase of ≥5 mm 
in the zone of inhibition of the combination disks in 
comparison to that of the ceftazidime or cefotaxime disk 
alone was considered as ESBL producer.  
 
 

DNA extraction and PCR for detection of gene 
encoding ESBLS 
 

The genomic DNA extraction was performed using the 
modified boiling method (Katvoravutthichai et al., 2016). 
First, P. aeruginosa isolates were inoculated into a sterile 
brain heart infusion broth (Oxoid, U.K.) and incubated at 
37°C for 72 h. One millilitre of the incubated broth was 
centrifuged at 12,000×g for 5 min and harvested cells were  
washed and re-suspended in 50 µl of  Nuclease-free  water  

(Norgen, Biotek Corop, Canada). The cells suspension 
were boiled at 95 to 100°C for 10 min; subjected to cold 
shock treatment on ice for 10 min and then centrifuged at 
12000×g for 10 min.  

Fifty microliters of the supernatant was transferred to a 
new micro centrifuge tube. To the supernatant, 100 µl of 
ice-cold absolute ethanol was added; mixed to precipitate 
out the DNA and kept on ice for 30 min. This was 
centrifuged at 12000×g for 10 min to pellet the DNA. The 
pelleted DNA was washed using 100 µl of 70% ice-cold 
ethanol and centrifuged at 12000×g for 2 min. The pellet 
was washed three times; air dried and dissolved in 50 µl of 
1X TE buffer, pH 8.0.  

 
 
Polymerase chain reaction for detection of ESBL 
genes 

 
The PCR  for  detection  of  ESBL  genes  was  carried  out  

using the new England Bio labs one Taq 2X master mix 
with standard buffer. Amplification was carried out in a 25 
µl total volume of PCR mixture  containing 12.5 µl of 1X 
master mix (England Bio Lab) with standard buffer, 20 µM 
Tris-Hcl, 1.8 mM MgCl2, 22 mM NH4Cl, 22 mM KCL, 0.2 
mM dNTPs, 5% glycerol, 0.06% GEPAL CA-630, 0.05% 
Tween 20, 25 units/ml Taq DNA polymerase; 0.5 µl of 10 
µM each of primers (Inqaba, Biotech, South Africa) (Table 
1); 5 µl of the extracted DNA and 6.5 µl of sterile Nuclease 
free water (Norgen, Biotek Corop, Canada).  

The PCR amplification program for the primers used is 
shown in Table 1. The PCR was performed in a thermal 
cycler machine (BIBBY) - Scientific Ltd., UK. The PCR 
products were separated on 1.5% agarose gel stained with 
ethidium bromide (5 µg/ml) and electrophoresis was 
carried out at 70 V for 90 min. The gel was visualized 
under UV transilluminator (UP Land, USA). A 100 bp DNA 
Ladder (New England Bio labs) was used as DNA 
molecular weight marker.  
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Table 2. Antimicrobial susceptibility profiles of P. aeruginosa isolates. 
  

Group of antibiotics  Antibiotic  Sensitive (%) Resistant (%) 

Cephalosporin  

Cefepime  16 (47.06) 18 (52.94) 

Ceftriaxone  3 (8.82) 31 (91.18) 

Ceftazidime  16 (47.06) 18 (52.94) 

Cefotaxime  - 34 (100) 

    

Monobactam, Fluoroquinlones, 
Aminoglycosides, Lipopetide, 
Carbapenems  

Aztreonam  6 (17.65) 28 (82.35) 

Ciprofloxacin  18 (52.94) 16 (47.06) 

Gentamicin  20 (58.82) 14 (41.18) 

Polymyxin B 27 (79.41) 7 (20.59) 

Imipenem  31 (91.18) 3 (8.82) 

Meropenem  29 (85.29) 4 (11.76) 

    

Penicillin, B-lactam inhibitors  
Piperacillin  5 (14.71) 28 (82.35) 

Piperacillin/Tazobactam  18 (52.94) 16 (47.06) 

 
 

 
Table 3. Resistance patterns of P. aeruginosa isolates. 

  

Resistance patterns  No. of isolate 

MEM
R
, CIP

R
, PB

R
, CN

R
, CEF

R
, CRO

R
,  CAZ

R
, CTX

R
, ATM

R,
, PRL

R
, TZP

R
 - 

MEM
R
,CIP

R
, CN

R
, CEF

R
, CRO

R
, CAZ

R
, CTX

R
, ATM

R
,PRL

R
, TZP

R
 4 

IMP
R
, CIP

R
, CN

R
, CEF

R
, CAZ

R
, CTX

R
, ATM

R
 ,TZP

R
 2 

CRO
R
, CAZ

R
,CTX

R
, ATM

R
 24 

MEM
R
 ,CIP

R
, PB

R
, CEF

R
, CRO

R
, CAZ

R, 
CTX

R
, ATM

R
, PRL

R
 2 

CRO
R
, CTX

R
, ATM

R
 2 

Total 34 
 

CIP
R
 = Ciprofloxacin resistant; CRO

R
 =Ceftriaxone Resistant; PB

R 
= polymyxin-B resistant; CAZ

R
 = 

Ceftazidime resistant; CN
R
 = Gentamicin resistant; CTX

R
 = Cefotaxime resistant; CEF

R
 = Cefepime 

resistant; MEM
R 

= Meropenem resistant; IMP
R 

= Impenem resistant ; ATM
R 

= Aztreonam resistant. 

 
 
 
RESULTS  
 
Out of 34 clinical isolates of P. aeruginosa 15 (44.12%) 
were found to be potential ESBL producers by 
preliminary screening. Antimicrobial susceptibility pattern 
revealed that most of P. aeruginosa isolates were 
resistant to cefotaxime (100%), ceftriaxone (91.18%) and 
aztreonam (82.35%) while the isolates were generally 
sensitive to carbapenems group (imipenen 91.18% and 
meropenem 85.29%), followed by polymyxin B (79.41%) 
and gentamicin (58.82%) (Table 2). Six different 
resistance patterns were identified among the P. 
aeruginosa isolates. Twenty four (24) out of thirty-four 
(34) P. aeruginosa isolates were resistant to four 
antibiotics ceftazidime, cefotaxime, ceftriaxone and 
Aztreonam shown in Table 3. The information describing 
the detection ESBL- positive P. aeruginosa isolates by 
different phenotypic tests in relation to the resistance 
patterns is shown in Table 4. The first group, 24 out of 34 

P. aeruginosa isolates, were resistant to ceftazidime, 
cefotaxime, ceftriaxone and Aztreonam while the second 
group, 2 out of 34 isolates consisted of isolates that were 
resistant to ceftriaxone, cefotaxime, and aztreonam and 
at the same time sensitive to ceftazidime.  

The highest percentage of ESBL-positive strains 
among these two groups was detected using the 
combined disk test (CDT) with emphases on cefotaxime 
(CTX) alone and cefotaxime-clavulanic acid (CTX/CEC) 
combination (Figure 1). The PCR method was used to 
investigate β-lactamase genes in the 15 isolates of ESBL 
producing P. aeruginosa for six genes, namely bla PER, 
GES, CTX-M, TEM, SHV and OXA-50. Out of fifteen (15) 
ESBL producing P. aeruginosa isolates that were 
screened for six ESBL genes. Only bla OXA-50 genes 
was able to show positive amplification in eight (8) 
isolates (53.33%) (Figure 2).  

However, none of the isolates was positive for the bla-
PER, GES, CTX-M, SHV, and TEM genes. 
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Table 4. Detection of ESBL producing P. auriginosa isolates by phenotypic test among the isolates 
that were resistant to ceftazidime, ceftriaxone, cefotaxime and aztreonam. 
  

Resistant patterns of isolate 
No. of positive isolates 

DDST-AMC CAZ/CAC CTX/CEC 

CRO, CAZ CTX ATM (24) 3 - 13 

CRO, CTX, ATM (2) - - 2 

Total 3 - 15 
 

CRO
R
 = Ceftriaxone Resistant; CAZ

R
 = Ceftazidime resistant; CTX

R
 = Cefotaxime resistant; ATM

R 
= 

Aztreonam resistant.   

 
 
 

 
 

Figure 1. Combined disk test using CAZ/CAC and CTX/CEC. 

 
 
 
DISCUSSION  
 
The P. aeruginosa is one of the most important 
nosocomial pathogens, being responsible for various 
types of infections with more and more limited therapeutic 
options. One of the most alarming characteristic of P. 
aeruginosa is its resistance antibiotic susceptibility. This 
situation is due to expression of various resistance 
mechanisms such as drug inactivation through the 
production of β-lactamases, alteration of target site (e.g. 
alteration of PBP-the target site of penicillin), alteration of 
metabolic pathway and reduced drug accumulation by 
decreasing drug permeability or increasing active efflux 
(pumping out) of the drug across the cell surface.  

Extended-spectrum Beta-lactamase-producing bacteria 
are one of the fastest emerging resistance problems 
worldwide. Increased global prevalence and dissemination 

of ESBL genes among pathogenic microorganisms are a 
serious peril for medical fraternity. The rates of ESBL-
positive P. aeruginosa (44.12%) found in our study were 
in accordance with similar studies conducted in 
Bangladesh, North West of Pakistan and South West of 
Iran (Ullah et al., 2009; Begum et al., 2013; Mohammadi 
et al., 2015), although low detection rates of 3.7 to 8.1% 
were noted in studies conducted by others (Woodford et 
al., 2008; Lim et al., 2009; Tavajjohi et al., 2011).  

The relatively high prevalence of ESBLS recorded in 
this study might be due to the extreme empirical use of 
third-generation cephalosporins in clinical settings. The 
differences in the ESBL rates may be attributable to the 
geographic difference, antimicrobial stewardship 
programme and infection control practices. ESBLS 
producing organisms pose unique challenges to clinical 
microbiologists,  clinicians,  and  infection  control  agents  
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Figure 2. PCR detection of 400 bp amplicons of OXA-50 gene for identification of ESBL. 
Lane M shows bands for 100 bp molecular weight standard. Lanes 1, 3, 5, 8, 9, 12, 13 and 
15 show positive amplification bands indicating the presence of OXA 50 gene in P. 
aeruginosa isolates analyzed. Other lanes show negative amplification and produced no 
visible band.  

 
 
 

ESBL producing bacteria are frequently resistant to 
many classes of antibiotics resulting in difficult to treat 
infections. The ESBL producing P. aeruginosa isolates 
exhibited high level of resistance against most of the 
antibiotics tested (Table 2). Currently carbapenems are 
regarded as the drugs of choice for treatment of 
infections caused by ESBL producing organisms. In this 
study, 91.18 and 85.29% of all the P. aeruginosa isolates 
were sensitive to imipenem and meropenem, respectively. 
The introduction of carbapenems into clinical practice 
represented a great advance for the treatment of serious 
bacterial infection caused by β-lactam resistant bacteria. 
Due to their broad spectrum of activity and stability to 
hydrolysis by most beta lactamases, carbapenems have 
been the drug of choice for treatment of infections caused 
by penicillin or cephalosporin-resistant Gram-negative 
bacilli especially ESBL producing strains (Mandiratta et 
al., 2005). Unfortunately, use of carbapenems has been 
associated with the emergence of carbapenem-resistant 
P. aeruginosa as observed in this study, 8.82 and 
11.76% of isolates were resistant to imipenem and 
meropenem, respectively. This finding is consistent with 
the work of Tripathi et al. (2011) and Jayanthi and Jeya 
(2014) who reported that 5.88 and 9.77% of P. 
aeruginosa isolates were resistant to imipenem. Similar 
findings have been documented in other countries such 
as Egypt and India (Senthamarai et al., 2014; Raafat et 
al., 2016). So, proper infection control practices and 
antimicrobial susceptibility testing before treatment are 
essential to prevent the spread and outbreaks of ESBL-
producing bacteria. Since P. aeruginosa, is the recipient 
of  various   genes  due  to  its  genetics  nature  such  as 

plasmids and transposon, therefore it can quickly be 
resistant to various antibiotics. 

With the recent detection of GES, PES, CTX-M, SHV 
and TEM producing strains in several countries (Tavajjohi 
et al., 2011; Ahmed and Asghar, 2017; Laudy et al., 
2017), the appearance of ESBL producing clinical 
isolates of P. aeruginosa can be anticipated in Nsukka. 
Our results suggest the lack of these genes on the P. 
aeruginosa isolates tested.  Extended spectrum β 
lactamase in the bla GES, PES, CTX-M, SHV and TEM 
negative isolates is most likely due to other mechanisms 
such as active drug efflux pumps and cell membrane 
mechanism and gene mutation. Further studies are 
necessary to conclude that these genes are not present 
in the P. aeruginosa isolates circulating in this area of the 
country.  

The present study showed that 15 strains of P. 
aeruginosa were identified as ESBL by phenotypic 
method. Of these 15 phenotypic ESBL isolates, 8 
(53.33%) expressed the bla OXA-50 gene. This gene 
was identified for first time in P. aeruginosa isolates from 
Turkey and France (Aktas et al., 2005; Peterson and 
Bonomo, 2005) and in Romania (Cráciunas et al., 2010). 
In Taiwan, bla oxa-17 and bla oxa-10 genes have been 
detected in P. aeruginosa (Du et al., 2010). This finding is 
in agreement with the work conducted by Porjafari et al., 
(2013) who reported similar occurrence of OXA-50 gene 
among the P. aeruginosa strains collected in their 
hospitals. In Bangkok, Thailand Oxa-10 was the 
predominant clone of P. aeruginosa clinical isolates 
(Katvoravutthichai et al., 2016). This raises concern 
about oxacillinases among P. aeruginosa clinical isolates. 



 
 
 
 
The OXA-50 gene detected in this study belonged to 
group D β-lactamases. Selective antibiotic pressure that 
develops in response to over use of β-lactam antibiotics 
particularly in hospitals can be responsible for the 
expression and dissemination of these enzymes. The 
threat of treatment failure is amplified by the evolution of 
P. aeruginosa strains expressing extended spectrum 
oxacilinase activity.  

In conclusion, to the best of our knowledge, this study 
is the first to report the presence of bla OXA gene among 
clinical isolates of P. aeruginosa in Nsukka, Southeast 
Nigeria. The emergence of extended spectrum group D 
β-lactamases among P. aeruginosa isolates must be 
taken seriously. There is a need for a comprehensive 
review in antibiotic prescription and usage to prevent the 
spread of these pathogens. 

 
  
CONFLICT OF INTERESTS  
 
The authors have not declared any conflict of interests. 
 
 
ACKNOWLEDGEMENTS 
 
The authors wish to thank the generous assistance of the 
doctors and nurses of the different hospitals used, for 
their cooperation, understanding and assistance when 
this research was going on. The authors gratefully 
acknowledge the microbiology department of the various 
hospitals for willingly providing the Pseudomonas 
aeruginosa clinical isolates used in this study. 

 
 
REFERENCES 
 
Ahmed OB, Asghar AH (2017). Antibiotic susceptibility pattern of P. 

aeruginosa expressing bla GES and bla PER genes in two different 
hospitals. African Journal of Biotechnology 16(21):1197-1202.  

Aktas Z, Poirel L, Salcioglu M, Ozcan PE, Midilli K, Bal C, Ang O, 
Nordmann P (2005). PER-1 and OXA-10-like β-lactamases in 
Ceftazidime-resistant P.aeruginosa isolates from intensive Care unit 
patients in Istandul, Turkey. Clinical Microbiology and Infection 
11(3):193-198.  

Begum S, Salam MDA, Alam KHF, Begum N, Hassan P,Haq JA (2013). 
Detection of extended spectrum β-Lactamase in Pseudomonas 
spp.isolated from two tertiary care hospitals in Bangladesh. 
Biomedical Research Notes 6:7.http://www.biomedcentral.com/1756-
0500/6/7. 

Bush K, Jacoby GA (2010). Updated functional classification of Beta-
lactamase. Antimicrobial Agents and Chemotherapy 54:969-976. 
http://dx.doi.org/10.1128/AAC.01009-09.  

Clinical and Laboratory Standards Institute, CLSI (2014). Performance 
Standards for Antimicrobial Susceptibility Testing: Twenty-fourth 
Informational Supplement.M100-S24 (34):1. 

Cráciunas C, Butiuc-Keul A, Flonta M, Brad A, Sigarteu M (2010). 
Application of molecular techniques to the study of P. aeruginosa 
clinical isolates in cluj-napoca, Romania. Analele Universitatii din 
Oradea-fascicula Biologie 2(17):243-247.  

Drieux L, Brossier F, Sougakoff W,  Jarlier V (2008). Phenotypic 
detection of extended-spectrum β-lactamase production in     
Enterobacteriaceae: review and bench guide. Clinical Microbiology 
and Infection 14(1):90-103.  

Agbo et al.         1089 
 
 
 
    Du ST, Kuo HC, Cheng CH, Fel ACY, Wei HW, Chang SK (2010). 

Molecular Mechanisms of Ceftazidime resistance in P.aeruginosa 
isolates from canine and human infections. Veterinarni Medicina 
55(4):172-182.  

Jarlier V, Nicolas MH, Fournier G, Philippon A (1998). Extended 
spectrum β-lactamase conferring transferable resistance to newer β-
lactam agents in Enterobacteriacceae: Hospital prevalence and 
susceptibility patterns. Review and Infection Diseases 10:867-878.  

Jayanthi S, Jeya M (2014).  Plasmid profile analysis and blaVIM Gene 
Detection of metallo β-lactamase (MBL) producing Pseudomonas 
aeruginosa isolates from clinical samples. Journal of Clinical and 
Diagnostic Research 8(6):DC16-DC19. 

Katvoravutthichai C, Boonbumrung K, Tiyawisutsri R (2016). 
Prevalence of β-lactamase classes A, C, and D among clinical 
isolates of P. aeruginosa from a tertiary – level hospital in Bangkok, 
Thailand. Genetics and Molecular Research 15(3):doi: 
10.4238/gmr.15038706.  

Laudy AE, Rôg P, Smolińska-król K, ćmiel M, Sloczyńska A, Patzer J, 
Dzierźanowska D, Wolinowska R, Starościak B, Tyski S (2017). 
Prevalence of ESBL – producing P. aeruginosa isolates in Warsaw, 
Poland, detected by various phenotypic and genotypic methods. 
PLOS One 12(6):e0180121.  

Lee S, Park Y, Kim M, Lee HK, Han K, Kang CS, Kang MW (2005). 
Prevalence of Ambler Class A and D beta-lactamase among clinical 
isolates of P. aeruginosa in Korea. Journal of Antimicrobial 
Chemotherapy 56(1):122-127.   

Lim KT, Yasin RM, Yeo CC, Puthucheary SD, Balan G, Maning N, 
Wahab ZA, Ismail N, Tan EA, Mustaffa A, Thong KL (2009). Genetic 
finger printing and antimicrobial susceptibility profiles of P. 
aeruginosa hospital isolates in Malaysia. Journal of Microbiology, 
Immunology and Infection 42:197-209.  

Livermore DM (2002). Multiple mechanisms of antimicrobial resistance 
in P. aeruginosa: Our worst nightmare? Clinical infectious Diseases 
34:634-640. http://dx.doi.org/10.1086/338782.  

Mandiratta DK, Deotale V, Narang P (2005). Metallo beta lactamase 
producing P. aeruginosa in a hospital from rural area. Indian Journal 
of Medical Research 121:701-703.  

Mohammadi AA, Emami A, Bazargani A, Zardosht M, Jafari SMS 
(2015).Detection of bla PER-1 and bla OXA-10   among Imipenem resistant 
isolatesof P. aeruginosa isolated from burn patients hospitalized in 
Shiraz Burn Hospital. Iranian Journal of Microbiology 7(1):7-11. 

Moreaus-Marquis S, Stanton BA, O
,
Toole GA (2008). P.aeruginosa 

biofilm formation in the fibrosis airways. Pulmonary Pharmacology 
and Therapeutics (21):595-599. 

Parajuli NP, Maharjan P, Joshi G, Khanal PR (2016). Emerging Perils of 
Extended Spectrum β- Lactamase producing Enterobacteriaceae 
Clinical Isolates in a Teaching Hospital of Nepal. Biomedical 
Research International. 
https://www.hindawi.com/journals/bmri/2016/1782835/  

Peterson DL, Bonomo RA (2005). Extended Spectrum β-lactamases: A 
clinical update. Clinical Microbiology Review 18(4):657-686.  

Poirel L, Nass T, Nordmann P (2010). Diversity, epidemiology, and 
genetics of class D. Beta Lactamases. Antimicrobial Agents and 
Chemotherapy 54:24-38. http://dx.doi.org/10.1128/AAC.01512-08.  

Poirel L, Weldhagen GF, Naas T, Champs C, Dove MG, Nordmann P 
(2001). GES-2, a class A β-Lactamase from P.aeruginosa with 
increased hydrolysis of Imipenem. Antimicrobial Agents and 
Chemotherapy 45(1):2598-2603.  

Porjafari M, Ghane M, Moghadam RG, Azimi Z, Ghaffary H, Kouchaki M 
(2013). Prevalence of the resistance genes to extended Spectrum β-
Lactam antibiotics in P. aeruginosa  Strains collected from different 
parts of Tonekabon Shahid Rajai hospital in North of Iran, Using PCR 
Technique. Annals of Biological Research 4(12):163-168. 

Raafat MM, Ali-Tammam M, Ali AE (2016). Phenotypic and genotypic 
characterization of Pseudomonas aeruginosa isolates from Egyptian 
hospital. African Journal of Microbiology Research 10(39):1645-1653. 

Senthamarai S, Suneel K, Peddey A, Sivasankari S, Anitha C, 
Somasunder V, Kumudharathi MS, Amsharathani SK,  Venugopal V  
(2014).  Resistance pattern of Pseudomonas aeruginosa in a Tertiary 
care Hospital of Kanchipuram, Tamilnadu, India. Journal Clinical and 
Diagnostic Research 8(5):DC30-DC32. 

Sharma M, Pathak S, Srivastava P (2013). Prevalence and  antibiogram

http://dx.doi.org/10.1128/AAC.01009-09
http://dx.doi.org/10.1086/338782
http://dx.doi.org/10.1128/AAC.01512-08


1090         Afr. J. Biotechnol. 
 
 
 

of Extended spectrum β-lactamase (ESBL) producing Gram 
negative bacilli and further molecular characterization of ESBL, 
producing Escherichia coli and Klebsiella ssp. Journal of Clinical 
and Diagnostic Research 7(10):2173-2177.  

Shen JL, Fang VP (2015). Detection of drug resistance mechanism of 
P. aeruginosa developing from a sensitive strain to a persister 
during carbapenem treatment. Genetic and Molecular Research 
14:6723-6732.  

Tam VH, Chang KT, Abdeiraouf K, Brioso CG, Ameka M, McCaskey 
KA, Weston JS, Caeiro JB, Garey KW (2010). Prevalence, 
resistance mechanisms, and susceptibility of multidrug-Resistant 
blood stream isolates of P. aeruginosa. Antimicrobial Agents and 
Chemotherapy 54:1160-1164.  

Tavajjohi Z, Moniri R, Khorshidi A (2011). Detection and 
characterization of multidrug resistance and extended-spectrum 
beta-lactamase-producing (ESBLS) P. aeruginosa isolates in 
teaching hospital. African Journal of Microbiology Research 
5(20):3223-3228. 

Todar K (2008). Pseudomonas aeruginasa. In: Online Textbook for 
Bacteriology.  

Todar K (2014). P. aeruginosa. Available at [http://textbook of 
bacteriology.net/pseudomonas.html]. accessed May 30, 2016.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Tripathi P, Banerjee G, Saxena S, Gupta MK,  Ramteke PW (2011). 

Antibiotic resistance pattern of Pseudomonas aeruginosa isolated 
from patients of lower respiratory tract infection. African Journal of 
Microbiology Research 5(19):2955-2959.  

Ullah F, Malik SA, Ahmed J (2009). Antimicrobial susceptibility and 
ESBL prevalence in P. aeruginosa isolated from burn patients in 
the North West of Pakistan. Burns 35(7):1020-1025.  

Wirth FW, Picoli SU, Cantarelli VV, Goncalves AL, Brust FR, Santos 
LM, Barreto MF (2009). Metallo- β-lactamase-producing P. 
aeruginosa in two hospitals from Southern Brazil. Brazilian Journal 
of Infectious Diseases 13:170-172.  

Woodford N, Zhang J, Kaufmann ME, Yarde , Tomas Mdel M, Faris 
C, Vardhan MS, Dawson S, Cotterill SL, Livermore DM (2008). 
Detection of P. aeruginosa isolates producing VEB-type extended 
spectrum β -lactamase in the United Kingdom. Journal of 
Antimicrobial Agents and Chemotherapy 62:1265-1268. 

 


