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Abstract 

Nosocomial infections caused by Pseudomonas earugenosa (P. earugenosa) presenting resistance to beta-

lactam drugs are one of the most challenging targets for antimicrobial therapy, leading to substantial 

increase in mortality rates in hospitals worldwide. In this context, P. earugenosa isolates that isolated 

form Ibn-Al Haitham teaching hospital for eyes diseases had carried blaCTX-M gene which have the 

highest clinical impact. Hence, this study was designed to investigate the presence of genes codifying for 

bla CTX-M among beta-lactam resistant P. earugenosa isolated in one of Baghdad hospitals. Antibiotic 

sensitivity was carried out using Kirby-Bauer method, and polymerase chain reaction was carried out in 

addition to the gell electrophoresis, the genotypic and the sequencing in aadtion the phylogetic tree were 

done. Thirteen P. aerogenosa isolates were isolated from corneal scraping specimens and the results of 

antibiotic sensitivity showed that the most effective antibiotic on P. aerogenosa isolates was impeniem 

with 13(100%) sensitivity rate while the highest resistance was to cefozlen 13(100%) resistance rate. The 

investigation of the blaCTX-M gene via polymerase chain reaction showed the presence of blaCTX gene 

(544bp) in 3(23.1%) P. aerogenosa isolates. The sequencing of blaCTX-M amplicons confirmed the correct 

identification of blaCTX-M gene among P. aerogenosa isolates and the data obtained from the 

sequencing of blaCTX-M gene was submitted to the GenBank of National Center for Biotechnology 

Information (NCBI) under the accession number (KY966041). Molecular phylogenetic analyses were 

based on the sequences of blaCTX gene and closest relatives (100% identity) with closely related 

blaCTX-M gene of some bacterial isolates in the GenBank by using MEGA6 software.  
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Introduction 

Bacterial resistance to antibiotics is ancient 

(D’Costa et al., 2011) and pre-dates their 

clinical use to prevent and cure bacterial 

infections (Allen et al., 2009; Lang et al., 

2010). However, since the beginning of the 

current “antibiotic era” less than a 100 years 

ago, human-induced selective pressures 

against antibiotic-susceptible strains has led 

to an intractable rise in the frequency of 

resistant populations (e.g., [1] Falagas et al., 

2005; Giske et al., 2008; Strahilevitz et al., 

2009; Nordmann et al., 2011).  

Global public health is now facing an 

epidemic of bacterial infections with reduced 

susceptibility to front-line clinical antibiotics 

such as cephalosporins and fluoroquinolones 

(Levy and Marshall, 2004), leading to 

therapeutic failure, worsening patient 

outcomes, and increased financial burdens on 

individuals and the health care system as a 

whole (Centers for Disease Control and 

Prevention [CDC], 2013; O’Neill Commission, 

2014; World Health Organization [WHO], 

2014). Viable solutions are urgently needed 

to protect the long-term efficacy of the 

antimicrobial agents that we have come to 

rely upon so heavily. Plasmid-mediated 

ESBLs confer high level resistance to 

cefotaxime, ceftriaxone, aztreonam and have 

only marginal effects on MIC of ceftazidime 

[2].  

The identification of Pseudomonas 

earugenosa bacteria resist to a wide range of 

antibiotic The Pseudomonas earugenosa  

resist to board-spectrum antibiotics, they are 

responsible for hospital outbreaks.  
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They play a major role in antibiotic 

resistance because of their influence on 

microbial activity, Hence some mutation that 

transfer vertical to the next generation as 

well as there is mutation transfer via 

plasmid which is an extra genetic material  

transfer the resistance other bacterial cells 

which means spread of the antibiotic 

resistance gene among the group rapidly. The 

release of the acquired plasmid gene may 

pose a real public and environmental health 

risk. Most acquired resistance genes likely 

evolved in natural habitats before 

transferring into human pathogens through 

various horizontal gene transfer mechanisms 

(Martínez, 2009).  

Different developed resistances genes 

progressed into the natural habitat prior to 

transfer to pathogenic bacteria. To 

understand antibiotic resistance genes 

spread into clinically relevant bacteria, we 

have focused our attention on the 

phylogenetic tree that carry same cluster. 

The aim of this study was to capture and 

characterize resistance P. earugenosa CTX-

M-type β-lactamases in isolates from In Al- 

Haitham clinical hospital patients, describe 

the complete nucleotide sequences of novel 

gene and figure out the phylogenetic tree. 

Materials and Methods 

Specimens' Collection 

 

In this study, corneal scraping specimens 

were collected from patients admitted to Ibn- 

Al haitham teaching clinical hospital for eyes 

in Baghdad, over a period from April to 

October, 2016. Isolates were obtained from 

specimens originated from corneal scraping.  

Identification of Bacterial Strains 

Specimens of corneal scraping were 

cultivated into suitable medium in 

laboratories, bacterial isolates diagnosed 

according to standard microbiology method 

[3]. All bacterial isolates (Pseudomonas 

earugenosa) were diagnosed using Api-20 NE 

(Analytic Profile Index 20 for non 

Enterobacteriaceae) (Bio-Merieux, France), to 

identify bacteria belong to non 

Enterobacteriaceae family. 

Antimicrobial Susceptibility Testing  

Antimicrobial susceptibility test to 10 

different antibiotics was determined by the 

disk diffusion method, following Clinical and 

Laboratory Standards Institute 

recommendations (Tollentino FM, et al. 

2011). Thirteen Pseudomonas aerogenosa 

isolates were tested for antimicrobial 

resistant according to Kirby-Bauer (disk 

diffusion) technique, by using Muller-Hinton 

agar and different types of antimicrobial 

discs which supplied commercially (Table-1). 

Inhibition zones that appeared around 

antibiotic discs were measured by millimeter 

(mm) using a metric ruler. 

 

Table1: Antibiotics discs using in this study Abbreviation and disc potency measured with ((µg/disc) 

Company/ Origin Disc potency 

(µg/disc) 
Abb. Antibiotic discs 

Bioanalyse/ Turkey 10 IPM Imipenem 

Bioanalyse/ Turkey 20/10 AMC Amoxicillin-Clavulanic acid 

Bioanalyse/ Turkey 30 FEP Cefepime 

Bioanalyse/ Turkey 30 CZ Cefazolin 

Bioanalyse/ Turkey 30 CTX Cefotaxime 

Bioanalyse/ Turkey 30 CAZ Ceftazidime 

Bioanalyse/ Turkey 30 CRO Ceftriaxone 

Bioanalyse/ Turkey 30 C Chloramphinical 

Bioanalyse/ Turkey 5 CIP Ciprofloxacin 

Bioanalyse/ Turkey 10 CN Gentamicin 

 

Investigation of blaCTX-M Gene via 

Polymerase Chain Reaction (PCR)   

DNA Extraction 

Few colonies Pseudomonas aerogenosa 

isolates suspend in 500 µl of nuclease-free 

water (Promega, USA).  Heating by using 

water bath in 90°C for 10 min, then bacterial 

suspension centrifuged for 10 min at10000 

rpm. The DNA material extracted in this 

procedure employed in different of gene 

analytical array [4]. The PCR reaction were 

performed as following Master mix 2X (Kapa, 

India) (12.5µl), forward primer (1.5µl), 

reverse primer (1.5µl), nuclease-free water 

(4.5µl) and DNA sample (5µl). Mixture 

incubated in PCR and undergoes the cycling 

conditions which involved at 95°C for 5 min 

free the strands (denaturation) then followed 

by 30 cycles of 94°C for 30 sec., to conjugate 

with the prime (annealing) 55°C for 40 sec. 

and extension at 72°C for 50 sec.  

https://www.frontiersin.org/articles/10.3389/fmicb.2017.01922/full#B79
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Cycling was followed by a final extension at 

72°C for 10 min. nucoltied sequences blaCTX-

M Forward primer was (5-

TTTGCGATGTGCAGCACCA GTAA-3) 

Reverse primer (5- CGATATCGTTGGTG 

GTGCCATA-3) (Alpha DNA , Canada) [5]. 

Agarose Gel Electrophoresis 

PCR product was identifying via Gel 

electrophoresis analysis using the ethiduim 

bromide and UV transilluminator 

documentation system [6]. 

Sequencing of PCR Products 

The final products of positive PCR results 

were investigated for further identification. 

DNA sequencing for amplified fragments of 

PCR products were employed at Macrogen 

Company, soul, South Korea were analyzed. 

Further checks for identification of the local 

gene sequence were conducted in Basic Local 

Alignment Search Tool (BLAST) in National 

Center for Biotechnology Information (NCBI) 

website online at (http:// 

www.ncbi.nlm.nih.gov). Aligning of the 

obtained sequences with those of reference 

strains in GenBank confirmed the 

identification of has measured using PCR. 

Phylogenetic Tree Analysis 

Phylogenetic data were obtained by the 

alignment and phylogenetic analysis of the 

sequences.  

By using software MEGA6 software, the 

phylogenetic relationships were analysed for 

blaCTX-M gene sequences.  

Results and Discussion 

Isolation and Identification of 

Pseudomonas aerogenosa 

Thirteen Pseudomonas aerogenosa isolates 

were isolated from corneal scraping 

specimens and then diagnosed according to 

standard microbiology method [3]. All 

bacterial isolates (Pseudomonas aeruginosa) 

were diagnosed using Api 20 and (Analytic 

Profile Index) (Bio-Merieux, France)), to 

identify bacteria belong to non 

Enterobacteriaceae family. 

Antimicrobial Susceptibility Test  

The antibiotic susceptibility test of thirteen 

Pseudomonas aerogenosa isolates that 

isolated from corneal scraping specimens of 

patient with eye infections to various 

antimicrobial drugs were shown on table 2. 

As, the most effective antibiotic on 

Pseudomonas aerogenosa isolates was  

impeniem with 13(100%) sensitivity followed 

by Amikacin with 11(90%) sensitivity while 

the highest resistance was to cefozlen 

13(100%) resistance followed by Amoxicillin-

Clavulanic acid and Ampicillins 10(88%).  

Table2: The resistance rate of 13 P. aerogenosa isolates toward 10 types of antibiotics. 

Resistance %  %Sensitive Antibiotics 

10 3 Ampicillin 

2 11 Amikacin 

0 13 Imipenem 

10 3 Amoxicillin-Clavulanic acid 

8 5 Cefepime 

13 0 Cefazolin 

9 4 Cefotaxime 

9 4 Ceftazidime 

8 5 Ceftriaxone 

5 8 Chloramphinical 

9 4 Ciprofloxacin 

8 5 Gentamicin 

   

Molecular Detection of blaCTX-M Gene 

in Pseudomonas aerogenosa by PCR 

All thirteen Pseudomonas aerogenosa isolates 

were subjected to PCR assay to detect the 

presence of blaCTX-M gene.  

The results in figure-1, showed the presence 

of blaCTX gene (544bp) in 3(23.1%) isolates, 

out of 13 Pseudomonas aerogenosa isolates, 

while 10(76.9%) isolates not harbored 

blaCTX-M gene.  
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Figure3: Gel electrophoresis of PCR product of blaCTX-M (544 bp) in Pseudomonas aerogenosa isolates isolated from 

corneal infections. Lane M: 100 pb DNA ladder (Kapa , India); lanes 1-13: Pseudomonas aerogenosa isolates; lane C: 

Negative control. Detection was done on agarose gel (1%) at 5 V/cm for one hour, stained with ethidium bromide and 

visualized on a UV transiluminator documentation system 

Sequencing of PCR Products of blaCTX-

M         

The sequencing of blaCTX-M amplicons (544 

bp) was carried out and the aligning of the 

blaCTX-M amplicon sequences with the 

reference strains in the Gen Bank confirmed 

the correct identification of blaCTX-M gene 

among Pseudomonas aerogenosa isolates as 

shown in figure-2 and Figure-3. The data that 

obtained from the sequencing of blaCTX-M 

gene was submitted to the GenBank of 

National Center for Biotechnology Information 

under the accession number (KY966041) 
 

Pseudomonas aeruginosa strain t9P1 insertion sequence ISEcp1, partial sequence; and class A extended-spectrum 

beta-lactamase CTX-M-15 (blaCTX-M) gene, blaCTX-M-15 allele, complete cds Sequence 

ID: KU926353.1Length: 1001Number of Matches: 1 

Related Information Range 1: 409 to 857GenBankGraphics 

Score Expect Identities Gaps Strand 

810 bits(898) 0.0 449/449(100%) 0/449(0%) Plus/Plus 

 

Query  1    

CAGCGAGTTGAGATCAAAAAATCTGACCTTGTTAACTATAATCCGATTGCGGAAAAGCAC  

60 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  409  

CAGCGAGTTGAGATCAAAAAATCTGACCTTGTTAACTATAATCCGATTGCGGAAAAGCAC  

468 

 

Query  61   

GTCAATGGGACGATGTCACTGGCTGAGCTTAGCGCGGCCGCGCTACAGTACAGCGATAAC  

120 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  469  

GTCAATGGGACGATGTCACTGGCTGAGCTTAGCGCGGCCGCGCTACAGTACAGCGATAAC  

528 

 

Query  121  

GTGGCGATGAATAAGCTGATTGCTCACGTTGGCGGCCCGGCTAGCGTCACCGCGTTCGCC  

180 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  529  

GTGGCGATGAATAAGCTGATTGCTCACGTTGGCGGCCCGGCTAGCGTCACCGCGTTCGCC  

588 

 

https://www.ncbi.nlm.nih.gov/nucleotide/1006740457?report=genbank&log$=nuclalign&blast_rank=42&RID=FKB37RNX015
https://www.ncbi.nlm.nih.gov/nucleotide/1006740457?report=genbank&log$=nuclalign&blast_rank=42&RID=FKB37RNX015&from=409&to=857
https://www.ncbi.nlm.nih.gov/nucleotide/1006740457?report=genbank&log$=nuclalign&blast_rank=42&RID=FKB37RNX015&from=409&to=857
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Query  181  

CGACAGCTGGGAGACGAAACGTTCCGTCTCGACCGTACCGAGCCGACGTTAAACACCGCC  

240 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  589  

CGACAGCTGGGAGACGAAACGTTCCGTCTCGACCGTACCGAGCCGACGTTAAACACCGCC  

648 

 

Query  241  

ATTCCGGGCGATCCGCGTGATACCACTTCACCTCGGGCAATGGCGCAAACTCTGCGGAAT  

300 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  649  

ATTCCGGGCGATCCGCGTGATACCACTTCACCTCGGGCAATGGCGCAAACTCTGCGGAAT  

708 

 

Query  301  

CTGACGCTGGGTAAAGCATTGGGCGACAGCCAACGGGCGCAGCTGGTGACATGGATGAAA  

360 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  709  

CTGACGCTGGGTAAAGCATTGGGCGACAGCCAACGGGCGCAGCTGGTGACATGGATGAAA  

768 

 

Query  361  

GGCAATACCACCGGTGCAGCGAGCATTCAGGCTGGACTGCCTGCTTCCTGGGTTGTGGGG  

420 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  769  

GGCAATACCACCGGTGCAGCGAGCATTCAGGCTGGACTGCCTGCTTCCTGGGTTGTGGGG  

828 

 

Query  421  GATAAAACCGGCAGCGGTGGCTATGGCAC  449 

            ||||||||||||||||||||||||||||| 

Sbjct  829  GATAAAACCGGCAGCGGTGGCTATGGCAC  857 
Figure 2: Nucleotide sequence of blaCTX-M gene 

 
Class A extended-spectrum beta-lactamase CTX-M-15 [Pseudomonas aeruginosa] 

Sequence ID: AMQ62992.1Length: 291Number of Matches: 2 

Related Information 

Gene-associated gene details 

Identical Proteins-Identical proteins to WP_000239590.1 

 

       Score 
Expect Method Identities Positives Gaps Frame 

          166 bits(421) 5e-55 Compositional matrix adjust. 80/80(100%) 80/80(100%) 0/80(0%) 
+1 

 

 

Query  1    

YSDNVAMNKLIAHVGGPASVTAFARQLGDETFRLDRTEPTLNTAIPGDPRDTTSPRAMAQ  

180 

            

YSDNVAMNKLIAHVGGPASVTAFARQLGDETFRLDRTEPTLNTAIPGDPRDTTSPRAMAQ 

Sbjct  132  

YSDNVAMNKLIAHVGGPASVTAFARQLGDETFRLDRTEPTLNTAIPGDPRDTTSPRAMAQ  

191 

Query  181  TLRNLTLGKALGDSQRAQLV  240 

            TLRNLTLGKALGDSQRAQLV 

Sbjct 192  TLRNLTLGKALGDSQRAQLV  211 

 
Figure- 3: Amino acid sequence of blaCTX-M gene 

https://www.ncbi.nlm.nih.gov/protein/1006740458?report=genbank&log$=protalign&blast_rank=1&RID=25M9N7S7015
https://www.ncbi.nlm.nih.gov/gene?term=41056931%5bPUID%5d%20OR%20256367639%5bPUID%5d%20OR%20291289023%5bPUID%5d%20OR%20324120107%5bPUID%5d%20OR%20380083435%5bPUID%5d%20OR%20380310263%5bPUID%5d%20OR%20407484719%5bPUID%5d%20OR%20412342224%5bPUID%5d%20OR%20480530284%5bPUID%5d%20OR%20498543593%5bPUID%5d&RID=25M9N7S7015&log$=genealign&blast_rank=1
https://www.ncbi.nlm.nih.gov/ipg/WP_000239590.1
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Phylogenetic Tree 

Phylogenetic tree based on the blaCTX-M 

nucleotide sequences of Pseudomonas 

aeruginosa was shown in Figure-4. The data 

for the phylogenetic analysis were obtained 

from sequences in the GenBank nucleotide 

sequence database. BlaCTX-M gene 

phylogenetic tree of Pseudomonas aeruginosa 

isolate with closely related blaCTX-M gene of 

some bacterial isolates. A phylogenetic tree 

using sequences of blaCTX-M gene from 

Pseudomonas aeruginosa isolate and closest 

relatives was generated using the software 

MEGA6 method. Table- 3, show the accession 

numbers and the percentage of nucleotide 

identity and similarity of the blaCTX-M gene 

for Pseudomonas aeruginosa sequences with 

other bacteria in the GenBank. 

 

 
Figure4: Phylogenetic tree based on the nucleotide sequences of blaCTX-M gene 

 

Thus, molecular phylogenetics is a 

fundamental aspect of bioinformatics cluster 

analysis is an approach that finds structure 

in data by identifying natural groupings 

(clusters) in the data. A cluster is simply a 

collection of cases that are more ‘similar’ to 

each other than they are to cases in other 

clusters [3] devise a scheme for grouping the 

objects into classes so that 'similar' ones are 

in the same class. Devise a scheme for 

grouping the objects into classes so that 

'similar' ones are in the same class [7, 21]. 

 

Table 3: The accession numbers and the percentage of blaCTX-M nucleotide identity   

 ACCESSION strain country Source Gene Identities expect score Range 

1.  ID: KU926353.1 t9P1 

 

Russia 

 

Pseudomonas 

aeruginosa 

 

CTX-M-15 

(blaCTX-M) 

gene 

100% 0.0 810 409 to 857 

2.  ID: KP780166.1 6 

 

Iran 

 

Pseudomonas 

aeruginosa 

 

CTX-M-15 

(blaCTX-M) 

gene 

-------------------- 

3.  ID: KU946005.1 862 

 

India 

 

Escherichia 

coli 

CTX-M-15 

(blaCTX-M-

15) gene 

100% 0.0 810 82 to 530 

4.  ID: KU510273.1 I-1719 Russia 

 

Klebsiella 

pneumoniae 

CTX-M-15 

(blaCTX-M-

15) gene 

100% 0.0 810 413 to 861 

5.  ID: KU886214.1 B-1261/15 Russia 

 

Proteus 

mirabilis 

CTX-M-15 

(blaCTX-M-

15) gene 

100% 0.0 810 409 to 857 

6.  ID: KX880381.1 A.b. 140 Egypt 

 

Acinetobacter 

baumannii 

CTX-M-15 

gene 

100% 0.0 810 91 to 539 

7.  ID: KU360119.1 I-1950 Russia 

 

Escherichia 

coli 

CTX-M-15 

(blaCTX-M-

15) gene 

100% 0.0 810 409 to 857 

8.  ID: KT986227.1 HM 

 

France 

 

Klebsiella 

pneumoniae 

CTX-M-15 

(blaCTX-M-

15) gene 

100% 0.0 810 2120 to 

2568 

9.  ID: KT945131.1 HUM 

Ac17 

Brazil 

 

Acinetobacter 

baumannii 

CTX-M-15 

gene 

100% 0.0 810 6 to 454 

10.  ID: KJ544220.1 C47_CLW 

 

Bangladesh 

 

Bacterium 

 

CTXM gene 100% 0.0 810 28 to 476 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/1006740457?report=genbank&log$=nuclalign&blast_rank=42&RID=FKB37RNX015
https://www.ncbi.nlm.nih.gov/nucleotide/1017029964?report=genbank&log$=nuclalign&blast_rank=39&RID=FKB37RNX015
https://www.ncbi.nlm.nih.gov/nucleotide/1137645775?report=genbank&log$=nuclalign&blast_rank=24&RID=FKB37RNX015
https://www.ncbi.nlm.nih.gov/nucleotide/1149015170?report=genbank&log$=nuclalign&blast_rank=14&RID=FKB37RNX015
https://www.ncbi.nlm.nih.gov/nucleotide/1141958601?report=genbank&log$=nuclalign&blast_rank=19&RID=FKB37RNX015
https://www.ncbi.nlm.nih.gov/nucleotide/1137304092?report=genbank&log$=nuclalign&blast_rank=33&RID=FKB37RNX015
https://www.ncbi.nlm.nih.gov/nucleotide/1005743312?report=genbank&log$=nuclalign&blast_rank=43&RID=FKB37RNX015
https://www.ncbi.nlm.nih.gov/nucleotide/984934928?report=genbank&log$=nuclalign&blast_rank=69&RID=FKB37RNX015
https://www.ncbi.nlm.nih.gov/nucleotide/599342790?report=genbank&log$=nuclalign&blast_rank=89&RID=FKB37RNX015


Ali Mhana Sabeeh Zirjawi et. al. | Journal of Global Pharma Technology|2019| Vol. 11| Issue 03 (Suppl.) |540-547 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                           546 

References 

1. Bonnet R (2004) Growing group of 

extended-spectrum b-lactamases: the CTX-

M enzymes. Antimicrob. Agents 

Chemother, 48: 1-14. 

2. Shahaby AF, Alharthi AA, El Tarras AE 

(2015) Potential Bacterial Pathogens of 

Red Eye infections and their Antibiotic 

Susceptibility Patterns in Taif, KSA. Int. 

J. Curr. Microbiol. App. Sci., 4(11): 383-

393. 

3. Murray PR, Baron EJ, Jorgensen JH 

(2003) Editors: Manual of Clinical 

Microbiology, ed 8, Washington DC, ASM 

Press. 

4. Endimiani A, Hujer AM, Perez F, Bethel 

CR, Hujer KM, Kroeger J, Oethinger M et 

al (2009) Characterization of blaKPC-

containing  Klebsiella pneumoniae strains 

detected in different institutions in the 

Eastern USA. J. Antimicrob. Chemother. 

63: 427-437. 

5. Doi YM, Adams-Haduch JM, Shivannavar 

CT, Paterson DL, Gaddad SM (2009) 

Faecal carriage of CTX-M-15-producing 

Klebsiella pneumoniae in patients with 

acute gastroenteritis. Indian J. Med. Res., 

129: 599-602. 

6. Sambrook J, Fritsch EF, Maniatis T 

(1989) Molecular cloning: A laboratory 

Manual.  2nd ed. P.A. 12 Cold spring 

Harbor Laboratory press. Cold sipring 

Harbor, New York, 68. 

7. Ramesh S, Ramakrishnan R, Bharathi M, 

Amuthan M, Viswanathan S (2010) 

Prevalence of bacterial pathogens causing 

ocular infection in south India. Indian J. 

Pathol. Microbiol., 53(2): 281-286. 

8. Tesfaye T, Beyene G, Gelaw Y, Bekele S, 

Saravanan M (2013) Bacterial Profile and 

Antimicrobial Susceptibility Pattern of 

External Ocular Infections in Jimma 

University Specialized Hospital, 

Southwest Ethiopia. Am J. Ophthalmol., 

1:13-20. 

9. Zolfaghar I,  Evans DJ, Fleiszig SMJ 

(2003) Twitching Motility Contributes to 

the Role of Pili in Corneal Infection 

Caused by Pseudomonas aeruginosa. 

Infection and Immunity. 71(9): 5389-5393. 

10. Sharma S (2011) Antibiotics and 

Resistance in Ocular Infections. Indian J. 

Med. Microbiol., 29:218-222. 

11. Pitout JDD, Hossain A, Hanson ND (2004) 

Phenotypic and Molecular Detection of 

CTX-M-_-Lactamases Produced by 

Escherichia coli and Klebsiella spp. 

Journal of Clinical Microbiology. 42(12): 

5715-5721.  

12. WHO (World Health Organization) (2003) 

Basic laboratory procedures in clinical 

bacteriology. 2nd ed. Geneva, Switzerland. 

13. Franklin R, Matthew A, Karen B, Michael 

N, George M, Dwight J et al (2011) 

Performance Standards for Antimicrobial 

Susceptibility Testing; Twenty-First 

Information Supplement. Clinical and 

laboratory standards institute (CLSI) (sl). 

31: 1.  

14. National Committee of Clinical 

Laboratory Standards (2000) Performance 

standards for antimicrobial disk 

Susceptibility test, 7th edition, Approved 

Standards, NCCLS Document: Wayne 

PA., 20. 

15. Poovendran P, Vidhya N, Murugan S 

(2013) Antimicrobial Susceptibility 

Pattern of ESBL and Non-ESBL 

Producing Uropathogenic Escherichia coli 

(UPEC) and Their Correlation with 

Biofilm Formation. Intl. J. Microbiol. Res., 

4 (1): 56-63. 

16. Hue B,  Doat M,  Renard G, Brandely M, 

Chast F (2009) Severe Keratitis Caused by 

Pseudomonas aeruginosa Successfully 

Treated with Ceftazidime Associated with 

Acetazolamide. Journal of Ophthalmology, 

1-3. 

17. Taherpour A, Hashemi A, Erfanimanesh 

S, Taki E (2016) Efficacy of methanolic 

extract of green and black teas against 

extended-spectrum β-Lactamase-producing 

Pseudomonas aeruginosa. Pak. J. Pharm. 

Sci., 29(4): 1257-1261. 

18. Picão RC, Andrade SS, Nicoletti AG, 

Campana EH, Moraes GC, Mendes RE, 

Gales AC(2008) Metallo-β-Lactamase 

Detection: Comparative Evaluation of 

Double-Disk Synergy versus Combined 

Disk Tests for IMP-, GIM-, SIM- SPM-, or 

VIM-Producing Isolates. J. Clin. 

Microbiol., 46 (6): 2028-2037. 

10.1128/JCM.00818-07.  

19. An JJ, Hsueh P, Ko W, Luh W, Tsai S, Wu 

HM, Wu JJ (2001) Metallo-β-lactamases in 

clinical Pseudomonas isolates in Taiwan 



Ali Mhana Sabeeh Zirjawi et. al. | Journal of Global Pharma Technology|2019| Vol. 11| Issue 03 (Suppl.) |540-547 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                           547 

and identification of VIM-3, a novel 

variant of the VIM-2 enzyme. Antimicrob 

Agents Chemother, 45 (8): 2224-2228. 

10.1128/AAC.45.8.2224-2228.2001. 

20. Sambrook J, Russel DW (2001) 

Purification of PCR products in 

preparation for cloning. In Molecular 

Cloning: a Laboratory Manual. New York: 

Cold Spring Harbor Laboratory Press, 

8.25-8.26.  

21. Endimiani A, Hujer AM, Perez F, Bethel 

CR, Hujer KM, Kroeger J, Oethinger M et 

al (2009) Characterization of blaKPC-

containing Klebsiella pneumoniae strains 

detected in different institutions in the 

Eastern USA. J. Antimicrob. Chemother, 

63: 427-437.  

 
 


