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Abstract:

Pseudomonas aeruginosa (24 isolates) collected from contact lens storage cases, contact lenses and contact
lenses wearer in Saudi Arabia. PCR amplification of all isolates revealed one fragment with 230 bp that
represented 16S rDNA gene. A total of 48 amplified DNA fragments (from 3500 to 90 bp) were observed using
three RAPD primers; B-01, B-11 and B-14.Whereas, 42 fragments were polymorphic and the other 6 amplified
fragments were commonly detected among all Pa isolates. The three primers showed a mean polymorphism of
87%, whereas, the polymorphic % B-01 primer was higher (89%) followed by primer B-11 and B-14 with 88
and 83%, respectively. The constructed UPGMA dendrogram showed two main clusters; the first included 10
isolates with a medium bootstrap 83%, the second included the remaining 14 isolates with two sub-clusters. The
first sub-cluster divided to two branches; the first contained isolates 21 & 23 and the second was divided more
to two sub-branches. The second sub-cluster was divided to isolate 2 that occupied unique branch and two other
branches that divided again to several sub-branches. Isolate 8 revealed most high similarity with isolate 7(77%)
followed by isolates 18 and 17 (74%). Isolates 3 & 1 and 22 & 15 showed similar percentage (72%). Isolates 7
and 3 displayed (70%). Conclusion: high DNA polymorphism occurrence of amplified fragments &Variable
genetic similarities of Pa isolates (24) was noticed. The fluctuation of genetic similarity percentages of each of
the isolates with others revealed the divergent genetic backgrounds of different serotypes.
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1L.INTRODUCTION: P. aeruginosa has remained the most common

Sight-threatening microbial keratitis associated cause of contact lens-related keratitis, accounting
with contact lens wear remains a serious concern for 60-70 % of culture-proven cases (Cheng et al.,
for patients, eye-care practitioners, and the contact 1999). P. aeruginosa is also one of the most
lens industry. Several decades of research and some commonly isolated organisms in non-contact lens-
major advances in lens and solution technology related ocular trauma events that lead to keratitis
have not resulted in a decline in disease incidence (Parmar et al., 2006). P. aeruginosa Keratitis is
(Fleiszig et al., 2010). considerably more common in contact lens wearers

Contact lens wearer continues to be a compared with  non-contact lens wearers,
significant risk factor for the development of acute presumably because of the altered ocular
sight-threatening corneal infections; microbial environment. Biofilms produced by P. aeruginosa
keratitis (lbrahim et al. 2009; Edwards et al., are thought to be the main cause of persistent ocular
2009). infections associated with contact lens wearer

Pseudomonas aeruginosa is a Gram-negative (Costerton et al., 1999) through attachment to
opportunistic  pathogen implicated in sight- contact lens and contact lens storage case surfaces
threatening occular infectious diseases such as (McLaughlin-Borlace et al., 1998). Bacterial
keratitis (Willcox 2007; Green et al., 2008a). For contamination of lenses and storage cases has been
more than 20 years in this field, Pearlman et al., reported even in association with good compliance
(2008) have worked toward understanding why the with care and hygiene regimens. Biofilm-associated
corneas of contact lens wearers are more P. aeruginosa contamination is found in both
susceptible to infection. However, the widespread contact lens cases and disinfectants with rates
use of contact lenses is now recognized as an varying between 24 and 81% (Zegans et al., 2002).
increasingly common risk factor for development Phenotypic traits expressed in biofilms are
of corneal infection in otherwise healthy eyes partially responsible for the emerging resistance
(Green et al. 2008b). against antimicrobial therapy (del Pozo_and Patel
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2007) of contact lens-related keratitis. In addition,
emergence of multi-drug resistance in P.
aeruginosa strains (Rossolini and Mantengoli
2005) becomes a major concern when antibiotics
such as  fluoroquinolones are used as
monotherapeutic agents. Choy et al., (2008)
suggested that P. aeruginosa isolates from different
infection origins may have different characteristics.
Seventeen eyes (63%) lost more than one line of
visual acuity with a resultant permanent medical
downgrading in duty capability in nine cases.
Increased awareness of the health risks of contact
lens wear together with standardized treatment
regimens based on improved pathogen detection
using molecular diagnostics have improved
outcomes (Musa et al., 2010).

Typing of bacterial isolates has been used for
decades for studying local outbreaks e.g.
nosocomial outbreaks, as well as, for national and
international surveillance when monitoring newly
emerging (resistant) clones, e.g. for pathogens such
as P. aeruginosa (Inglis et al., 2010). During the
last decades, genotyping techniques (DNA
fingerprinting) such as RAPD analysis have largely
replaced phenotypic techniques, such as serotyping,
phage susceptibility typing and protein SDS-
PAGE. With the development of faster, cheaper
and more automated sequencing capacity,
sequence-based typing, such as multilocus
sequence typing (MLST)is gradually replacing
these DNA fingerprinting techniques. Whereas,
MLST is a reference approach for large scale
surveillance and for population biology studies,
there remains a need for rapid, less laborious and
cheap approaches, such as RAPD, on a local scale.
Although the interrun reproducibility of this
approach is known to be limited, it still offers the
possibility of studying within a single run the
genotypic relatedness of a limited number of
isolates that might possibly belong to a single
outbreak e.g. in a hospital or hospital ward
(Deschaght et al., 2011). We aimed in this study to
identify Pseudomonas aeruginosa strains isolated
from soft contact lenses belong to healthy persons,
patients with contact lens-associated red eyes
(CLARE), asymptomatic wearer (CLSCaw) and
patients with Keratitis by 16S rDNA gene and
studying the genetic similarity and variations of the
isolates using PCR-RAPD analysis.

2.MATERIALS AND METHODS:
2.1. Materials:
2.1.1.Bacterial strains and growth condition

A collection of 24 Pseudomonas aeruginosa
clinical isolates were obtained from contact lens
storage cases, contact lenses and contact lenses
wearer between November 2010 and December
2011 in Saudi Arabia as shown in Table (1). All
strains were stored in tryptic soy broth (TSB)
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containing 30% glycerol at -80°C. Isolates were
inoculated on chocolate agar plates and incubated
overnight at 37°C.

All the strains were identified by 16S rDNA
gene, colony’s morphology, Gram staining,
mobility characteristic of polar flagellation,
pigment production, fluorescence, and phenotypic
analysis with APl 20 NE identification kit
(bioMérieux, Marcy I'Etoile, France). Cells were
stored at 4°C for further experiments.

2.1.2.Primers:

A pair of primer was designed as forward(5'-
CGACGATCCGTAACTGGTCT-3")
and reverse(5'-CCGGTGCTTATTCTGTTGGT-3')
with a final product size of 230 bp. RAPD analysis
was performed using three 10-mer random primers
(Operon Technologies, Alameda, Calif.), Table (2)
showed their names and sequences

Table 1. Contact lens-related and non-contact-lens-
related P. aeruginosa (Pa)

NO' of Pa Sources The case of the source
isolates
7 Soft contact lenses | Used by healthy persons
Patients with contact lens-

4 Soft contact lenses associated red eyes (CLARE)

1 Eyes of contact Asymptomatic wearer
lenses wearers (CLSCaw)

12 Cyes of contact Patients with keratitis
enses wearers

Table 2. Names and sequences of RAPD primers used
for PCR analysis

Name Sequences

B-01 5 TGCGCCCTTC'3

B-11 5 GTAGACCCGT'3

B-14 5 GTAGACCCGT'3
2.2. Methods:

2.2.1.DNA extraction and PCR amplification of
16S rDNA gene

Genomic DNA was prepared from 18 h cultures
in an exponential phase in Luria-Bertani medium.
DNA extraction was performed according to the
method of Ben Haj Khalifa et al., (2010). Aliquots
of 10 ml of bacterial culture were harvested by
centrifugation at 12,000 rpm for 15 min at 4°C and
washed once in sterile distilled water.

The pellets were resuspended in 400 pl of lysis
buffer containing 2% glucose, 50 mM Tris-HCI
(pH 8.0), 25 mM EDTA, 3 mg/ml lysozyme and
200 mg/ml RNase. The cell suspension was
incubated for 1 h at 37°C.

PCR amplification was carried out in a DNA
thermocycler (Biometra, Germany) for 30 cycles
each. The PCR reaction was carried out in a final
volume of 25 pl with 1X PCR buffer containing 10
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mM Tris-HCI, 25 mM MgCl,, 1 ul of template
DNA, 0.2 mM deoxynucleoside triphosphate, 2 uM
(each) primer and 0.5 U of Tag DNA polymerase
(Promega). PCR conditions of 16S rDNA and
RAPD  amplification  consisted of initial
denaturation at 95°C for 2 min followed by 95°C
for 1 min, annealing to primers at 54°C for 1 min
(16S rDNA) and 50°C for 1 min (RAPD) and
extension at 72°C for 1 min with a final extension
step at 72°C for 5 min. PCR-amplified products
were separated using agarose gel electrophoresis in
1% TBE buffer and stained with 0.2 pg/ml
ethidium bromide. Amplified fragments were
detected and photographed under UV light. In order
to rapidly identify the 24 Pseudomonas aeruginosa
clinical isolates, the 16S rDNA gene was amplified
using accession JN377436 obtained from the NCBI
GenBank.

2.2.2.Genetic analysis

RAPD fragments were scored as present (+) or
absent. The data was used for similarity-based
analysis using the program MVSP (version 3.1b)
from www.kovcomp.com. RAPD analyses were
analyzed using the Nei genetic similarity index
(Nei and Li 1979) based on the equation: Similarity
= 2Nab/(Na+ Nb)

3.RESULTS:

Results in (Table 1) illustrated the origin of the
isolated twenty four strains; one of them was
isolated from patients with endophthalmitis, and 4
from contact lenses belongs to a patient with
contact lens-associated red eye (CLARE). Twelve
strains from patients with keratitis strains from
consecutive patients attending King Khaled Eye
Hospital in Riadh, Saudi Arabia over a 12-month
period. The remaining five strains were isolated
from contact lens cases belonging to asymptomatic
wearers (CLSCaw).

PCR amplification of 16S rDNA in Pseudomonas
aeruginosa clinical isolates

PCR amplification of the 24 P. aeruginosa
clinical isolates revealed one fragment with 230 bp
that represented the 16S rDNA gene (Fig. 1).
Genetic characterization of P. aeruginosa (Pa)
isolates by RAPD analysis

A total of 48 amplified DNA fragments ranging
in size from 3500 to 90 bp were observed using the
three random amplified polymorphic DNA (RAPD)
primers; B-01, B-11 and B-14, whereas 42
fragments were polymorphic and the other 6
amplified fragments were commonly detected
among the 24 Pa isolates (Table 3).

The three primers showed a meanpolymorphism
of 87%, whereas the polymorphic percentage of
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primer B-01 was higher (89%) followed by primer
B-11 and B-14 with 88 and 83%, respectively.

Primer B-01 resulted in 19 fragments, 17 of
which were polymorphic with sizes ranging from
2000 to 100 bp; two fragments were common
among the 24 isolates (Fig. 2 and Table 3). The
total number of amplified fragments of the isolates
varied considerably. For instance, in isolates (3 and
7) 14 fragments with different molecular sizes were
amplified while 6 fragments were amplified in
isolates (13, 14 and 21). The remaining isolates
were intermediate. RAPD analysis revealed that the
amplified PCR products of most of the 24 isolates
vary in molecular size patterns even with the equal
total fragments.

Primer B-11 revealed 17 fragments, 15 of
which were polymorphic with sizes ranging from
3500 to 90 bp (Fig. 2 and Table 3). The total
fragment numbers of the 24 isolates varied
significantly in their amplified fragments: whereas
isolate 11 revealed the highest with 13 fragments,
followed by isolates 9 and 10 with 12, while six
isolates revealed two.

Primer B-14 revealed 12 fragments, 10 of
which were polymorphic with sizes ranging from
750 to 110 bp and two fragments with 250 and 190
bp were commonly detected among all isolates
(Fig. 2 and Table 3).

The total number of fragments of the 24 isolates
varied substantially: for example, isolates 3, 6, 9,
11 and 12 showed ten, while isolates 21 and 22
showed four. Although, several isolates revealed
equal total fragments they noticeably difference in
their molecular sizes. For instant, isolates (3, 6, 9,
11 and 12) with 10 fragments were also quite
differences due to appearance and disappearance of
some fragments. Similar observation was also
detected in isolates (1, 2, 5, 8 and 10) with nine
fragments, isolates (4, 7 and 20) with eight, isolates
(15 and 17) with seven, isolates (13, 14 and 24)
with six and isolates (21 and 22) with four.

Genetic similarity of P. aeruginosa isolates using
UPGMA dendrogram

Genetic similarity between each two pairs of
the 24 P. aeruginosa isolates was performed using
the Nei similarity index on the basis of RAPD

amplified fragments using the three random
primers (Table 4).
Genetic similarity ~ between the 24 P.

aeruginosa isolates was calculated from the
amplified fragment data using un-weighted pair
group method with averages (UPGMA).

The constructed UPGMA dendrogram of the
three primers showed two main clusters, whereas
the first includes 10 isolates with a medium
bootstrap 83% and the second includes the
remaining 14 isolates with two sub-clusters.
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Fig. 2. RAPD amplified products of the 24 P. aeruginosa isolates using three random primers; B1, B11
and B1
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Primer) o [IMS\pos|l1 2 3 4 5 6 7|8 9 10 11 12|13 14 15 16 171819 20 21 22 23 24
name (bp)
1 |2000 + + o+ + + | + + + +
2 | 1600 + o+ +
3 | 1500 +
4 {1000 + o+ o+ + + | + + + + + o+
5 900 + + + + + |+ +
6 750 + + +
7 690 + o+ o+ + o+ |+ + + 4+ + 4+ + + + + o+ o+
8 600 | 89 | + + + + + | + + + o+ + + + + + + +
Bl 9 550 + +
10 | 500 + + + + + + [+ + + 4+ + + + + + + + o+ o+
11 | 440 + o+ + |+ + + + 4+ + + + + + 4+ + o+
12 | 390 + + + o+ 4+ + | + + + + + + + + o+
14 | 260 + + + +
16 | 180 + + + + + 4+ 4+ |+ + + |+ + + o+ + + + o+
17 | 160 + + + + + + + + + + + o+ +
18 | 130 + + + + |+ + 4+ + + + + + + + + +
19 | 100 + + | + + + + +
T=19 10 11 14 7 10 7 1411 7 7 12 10| 6 6 12 109 9 9 10 6 10 10 8
1 |3500 + o+ + o+ 4+
2 3000 + + + + + 4+ 4+ |+ + + o+ o+ + +
3 | 2000 + + + +
4 11500 + + + o+ + +
5 1300 + o+ + |+ o+
B11 6 |1000 + |+ + o+
7 820 | 88 + o+ +
8 750 + o+ 4+ + 4+
9 560 + + + + + + |+ + + + 4+ + +
11 | 450 + + + + o+ o+ +
12 | 350 + + + + |+ + + + 4+ +
13 | 290 + + + + |+ + + + 4+ +
14 | 270 + + + + o+ 4+ +
15 | 220 + + + + +
16 | 150 + + o+ + + o+ o+ |+ + +
T=17 6 8 6 10 10 9 8 |11 12 12 13 11| 6 2 6 4 2 2 3 5 2 4 2 2
1 750 + | + + + o+
2 650 + + o+ + +  + +
3 550 + + o+ + + + + +
4 |410| 83 |+ + + + + + + + + o+ o+ +  + + +
5 340 + + + + + + 4+ [+ + + + + |+ + + + + + + + + +
B14 7 230 + + + + + 4+ + + + 4+ + + + 4+ +
8 210 + + o+ 4+ + + |+ o+ + 4+ |+ +
10 | 160 + + + + + + |+ + + + + [+ + + + + + + + 0+
11 | 130 + + + o+ |+ O+ + |+ + + + + + + +
12 | 110 + + + + + + |+ + + 4+ + + +  +
T=12 9 9 10 8 9 10 8|9 10 9 10 10/6 6 7 5 755 8 4 4 5 6
Total=48 | *87 |25 28 30 25 29 26 30|31 29 28 35 31)18 14 25 1918 16 17 2312 18 17 16
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Table 4. Genetic similarity percentages of the 24 isolates based on RAPD products of three random primers.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

61

72 66

52 40 49

59 43 64 69

50 42 60 65 57

56 51 70 56 62 50

60 51 70 56 62 54 77

43 37 53 61 54 54 55 60

61 51 53 56 54 54 55 64 60

60 55 60 69 70 62 63 67 55 68

56 51 56 47 58 50 59 55 60 55 67

33 38 32 47 37 41 39 39 47 34 36 39

39 36 38 39 39 38 45 32 36 31 30 41 57

56 47 57 52 59 50 70 56 47 56 51 60 38 56

38 42 40 38 41 32 47 43 38 38 36 43 58 65 63

36 32 38 31 31 39 37 33 41 36 28 37 44 55 56 64

41 33 40 37 36 36 42 38 38 38 32 31 40 58 52 59 74

36 41 38 40 44 30 41 37 41 36 34 41 57 55 50 64 62 65

42 A7 44 42 42 37 43 43 47 39 47 43 58 44 47 58 50 52 63

37 29 36 37 32 27 39 34 38 38 31 30 41 44 42 55 45 47 45 48

59 48 55 48 47 38 58 53 39 48 49 49 37 52 72 61 46 55 52 54 58
23162 45 52 45 48 34 50 50 32 41 46 37 39 48 50 50 42 50 48 50 61 67
24 |38 27 36 38 38 37 44 35 43 34 29 35 62 71 48 62 68 63 52 48 59 50 52

O© 00 NOoO Ol W N

NNNNR R R R R RRRR R
NP, O ®OWOow-NO®UDMWDNIERO

+= present of fragment, T=total fragments, P%= polymorphism %, *Average polymorphism %, Ms= DNA ladder with 100 bp

0.4 05 0.6 0.7 08 09 1

Fig3.  Dendrogram represented the genetic relationships among the 24 isolates using UPGMA cluster analysis of
Nei’s genetic similarity coefficients generated from three RAPD primers.

Some pairs displayed 70% such as isolates 7 and 3, isolates revealed high DNA polymorphism using
isolates 8 and 3, isolates 11 and 5, isolates 15 and the three RAPD primers; either in the occurrence of
7.Consequently, the 24 P. aeruginosa clinical amplified fragments or in the variable genetic
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similarities of each isolate with the others. Despite
the fact that they should display the most narrow
and low variation due to the genomic structure of
the same 24 P. aeruginosa isolates and the
structure of the 10 mer-RAPD primers. Eventually,
the fluctuation of genetic similarity values each of
the 24 isolates with others using the three primers
evidently revealed the divergent genetic
backgrounds of such isolates with their high DNA
polymorphism patterns.

4. DISCUSSION

The polymer type used to construct the contact
lens may influence subsequent bacterial adhesion
events. Contact lenses made from nonionic
polymers with high water content may carry higher
risks of bacterial contamination (Yen et al., 2003).

RAPD analysis recently emerged as a reliable
means of typing several bacterial species, including
P. aeruginosa (Kersulyte et al., (1995);
Mahenthiralingam et al., (1996) and Mereghetti et
al., (1998). Moreover, Giordano et al., (2001)
characterized P. aeruginosa strains by three
phenotyping methods: biotyping, antibiotyping and
serotyping. Its aims were to evaluate their typing
capacity in relation to various isolate profiles. The
use of RAPD-PCR makes it possible to identify
non-serotyped strains, and shows the necessity of
this molecular typing technique for typing P.
aeruginosa strains from patients with CF.

The obtained results were agreed with Hafiane
and Ravaoarinoro (2011) who developed RAPD
analysis for the routine typing of P. aeruginosa
strains isolated from the sputum of cystic fibrosis
patients (CFP) that are frequently difficult to type
by conventional typing methods. They also showed
that RAPD typing characterized 30 distinct
genotypes and two small clusters of strains were
observed among isolates with each primer. Strains
belonging to one cluster were present in two (6%)
of the 35 strains. Strains belonging to the other
cluster were present in three (8%) of the 35 strains.
The occurrence of these clusters indicates that
cross-infection may occur. Their results indicated
that only the RAPD method can establish a clonal
relation whereas the other methods may only
reflect phenotypical differences, and thus are
inadequate to type these strains.

RAPD typing of bacteria is important for
monitoring newly emerging pathogens and for
examining local outbreaks. Accordingly, Deschaght
et al., (2011) evaluated the RAPD technique in
combination with  melting curve analysis
(McRAPD) of the amplified DNA fragments to
genotype isolates from five Gram-negative species,
i.e. Achromobacter xylosoxidans, Acinetobacter
baumannii, Klebsiella pneumoniae, Pseudomonas
aeruginosa and Stenotrophomonas maltophilia.
RAPD typing of the 88 P. aeruginosa blood
isolates gave 54 different RAPD fingerprints, 46 of
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which contained only one strain. The dominant
RAPD type amongst the remaining 8 fingerprints
contained 14 strains. There was little correlation
between the presumed focus of the bacteremia and
RAPD grouping although 5 of the 14 strains in the
dominant RAPD type were thought to have a
respiratory focus. The 75 CF isolates were likewise
separated into 41 different RAPD types with 29
containing a single strain and the most dominant
containing 12 (Wareham and Curtis, 2007).

The epidemiology of P. aeruginosa infections
and colonization was studied prospectively on a 12-
bed medical intensive care unit. P. aeruginosa
strains isolated from patients and water samples
were analyzed by RAPD-PCR typing. During the
6-month period, 60 of 143 (42%) water samples
contained P. aeruginosa at various levels ranging
from 1 to >100 colony-forming units per 100 ml
sample. Genotypically, water samples contained 8
different colonotypes. Nine patients had infections
due to P. aeruginosa and 7 patients were colonized.
Isolates from patients showed a similar distribution
of genotypes as did tap water isolates and strains of
identical genotype as patient strains had been
isolated previously from tap water outlets in 8 out
of 16 (50%) infection or colonization episodes
(Trautmann et al., 2006).

The study of Campbell et al., (2000) employed
600 samples to evaluate RAPD typing and found
that it had a high degree of reproducibility with
98.5% vyielding the same banding patterns for each
triplicate. Epidemiologically related isolates, such
as multiple isolates from individual patients and
those from each of five sibling pairs, were
appropriately “read” as identical by RAPD. Isolates
that were epidemiologically unrelated, such as
those from the environmental and the IATS type
strains, each had a uniqgue RAPD pattern. This
method was highly reproducible and was able to
differentiate apparently unrelated strains. RAPD
typing is a robust, simple, and highly reproducible
method that should be useful in clarifying the
epidemiology of P. aeruginosa in patients with CF.

RAPD typing is best suited to situations in
which a large number of isolates are to be
evaluated. Results from RAPD analysis can be used
in conjunction with the more cumbersome PFGE
method to resolve and confirm the difference or
identity among smaller numbers of isolates when
an ambiguous result is obtained with RAPD.

Genetic fingerprinting of 30 Pseudomonas
aeruginosa (Pa) isolates from three types of
nosocomial infection cases from two Osun State
Teaching Hospitals was compared using RAPD-
PCR markers (Akanji et al., 2011). Ten out of 50
operon primers tested showed polymorphism with
reproducible results among the isolates and
produced 131 bands of which 74 were polymorphic
with sizes ranging between 200 and 3000 bp.
Cluster analysis using the 74 polymorphic markers
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classified the 30 P. aeruginosa isolates into two
(PgA and PgB) genetic groups. Ben Haj Khalifa et
al., (2010) characterized 96 clinical isolates of P.
aeruginosa recovered in a Tunisian teaching
hospital during a 16-month period using RAPD
analysis. Genotyping showed 83 RAPD types and
the isolates showing the same serotype could show
different genotypes.
Conclusion and perspectives
The identification and discrimination of 24
individual Pseudomonas aeruginosa isolated from
contact lens wearers, non-contact lens wearer
revealed that they are novel strains with different
serovars and each isolate could be characterized by
unique RAPD pattern.

5. REFRENCES
Akanji BO, Ajele JO, Onasanya A and Oyelakin O
(2011). Genetic fingerprinting of
Pseudomonas  aeruginosa involved in
nosocomial infection as revealed by RAPD-
PCR markers. Biotechnology 10, 70-77
Andrews JM (2007). BSAC standardized disc
susceptibility testing method (version 6).
Journal of Antimicrobial Chemotherapy 60,
20-41
S, Gatus B, Pham J, Rafferty D (2006).
Antibiotic susceptibility testing by the CDS
method. A Manual for medical and veterinary
laboratories. Sydney: Arthur Productions
Haj Khalifa A., Vu-Thien H., Pourcel C.,
Khedher M., Mastouri M., Moissenet D.
(2010). Phenotypic and genotypic (randomly
amplified polymorphic DNA analysis and
multiple-locus variable-number tandem-repeat
analysis) characterization of 96 clinical
isolates of Pseudomonas aeruginosa in the F.
Bourguiba hospital (Monastir, Tunisia).
Pathologie Biologie 58: 84-88
Campbell M, Mahenthiralingam E, Speert DP
(2000). Evaluation of random amplified
polymorphic DNA typing of Pseudomonas
aeruginosa. Journal of Clinical Microbiology
38, 4614-4615
Cheng KH, Leung SL, Hoekman HW, Beekhuis
WH, Mulder PG, Geerards AJ, Kijlstra A
(1999). Incidence of contact-lensassociated
microbial Keratitis and its related morbidity.
Lancet 354, 181-185
Choy MH, Fiona Stapleton F, Willcox MD, Zhu H
(2008). Comparison of virulence factors in
Pseudomonas aeruginosa strains isolated
from contact lens- and non-contact lens-
related  keratitis. Journal of Medical
Microbiology 57, 1539-1546
(2007).  Performance  Standards for
Antimicrobial ~ Susceptibility Testing, 17"
informational supplement, M100-S17.
Wayne, PA: Clinical and Laboratory
Standards Institute.

Bell

Ben

CLSI

842

Costerton JW, Stewart PS, Greenberg, EP (1999).
Bacterial biofilms: a common cause of
persistent infections. Science 284, 1318-1322

del Pozo JL, Patel R (2007). The challenge of
treating biofilm-associated bacterial
infections.  Clinical Pharmacology and
Therapeutics 82, 204-209

Deschaght P., Van Simaey L., Decat E., Van
Mechelen E., Brisse S. and Vaneechoutte M.
(2011). Rapid genotyping of Achromobacter

xylosoxidans,  Acinetobacter  baumannii,
Klebsiella pneumoniae, Pseudomonas
aeruginosa and Stenotrophomonas
maltophilia isolates using melting curve

analysis of RAPD-generated DNA fragments
(McRAPD) Research in Microbiology 1623:
386-392.

Edwards K, Keay L, Naduvilath T, Snibson G,
Taylor H, Stapleton F (2009). Characteristics
of and risk factors for contact lens-related
microbial keratitis in a tertiary referral
hospital. Eye (London) 23, 153-160

Fleiszig SMJ., Evans DJ (2010). Pathogenesis of
contact lens-associated microbial Keratitis.
American Academy of Optometry 87, 225-
232

Giordano A, Magni A, Graziani C, Sessa R,
Quattrucci S, Cipriani P. (2001). AP-PCR
typing of Pseudomonas aeruginosa from
patients with cystic fibrosis. Microbiologica
24:157-163.

Green M, Apel A, Stapleton F (2008a). A
longitudinal study of trends in Kkeratitis in
Australia. Cornea 27, 33-29

Green M, Apel A, Stapleton F (2008b). Risk
factors and causative organisms in microbial
keratitis. Cornea 27, 22-27

Hafiane A, Ravaoarinoro M (2011). haracterization

of Pseudomonas aeruginosa strains isolated
from cystic fibrosis patients by different
typing methods. Pathologie Biologie 59,
e109-e114

Ibrahim YW, Boase DL, Cree 1A (2009).
Epidemiological characteristics, predisposing
factors and microbiological profiles of
infectious corneal ulcers: the Portsmouth
corneal ulcer study. Br J Ophthalmol 93,
1319-1324

Inglis T.J., Benson K.A., O’Reilly L., Bradbury R.,
Hodge M., Speers D. and Heath C.H. (2010).
Emergence of multi-resistant Pseudomonas
aeruginosa in a Western Australian hospital.
J. Hosp. Infect. 76: 60e65.

Kersulyte D, Struelens MJ, Deplano A and Berg
DE. (1995). Comparison of arbirarily primed
PCR and macrorestriction (pulsed-field gel
electrophoresis) typing of Pseudomonas
aeruginosa strains from cystic fibrosis
patients. J. Clin. Microbiol. 33: 2216-2219.


http://scialert.net/asci/author.php?author=J.O.&last=Ajele
http://www.sciencedirect.com/science/journal/03698114

Life Science Journal, 2012;9(1)

http://www.lifesciencesite.com

Mahenthiralingam E, Campbell ME, Foster J, Lam
JS, Speert DP (1996). Random amplified
polymorphic DNA typing of Pseudomonas
aeruginosa isolates recovered from patients
with cystic fibrosis. J. Clin. Microbiol. 34:
1129-1135.

McLaughlin-Borlace L, Stapleton F, Matheson M,
Dart JK (1998). Bacterial biofilm on contact
lenses and lens storage cases in wearers with
microbial ~ keratitis.  Journal  Applied
Microbiology 84, 827-838

Mereghetti L, Marquet-van der Mee N, Loulergue
J, Rolland JC and Audurier A (1998).
Pseudomonas aeruginosa from cystic fibrosis
patients: study using whole cell RAPD and
antibiotic susceptibility. Pathol. Biol. 46: 319-
324,

Musa F, Tailor R, Gao A, Hutley E, Rauz S, Scott
RAH (2010) Contact lens-related microbial
keratitis in  deployed British  military
personnel. Br J Ophthalmol 94, 988-993

Nei M. and Li W.H. (1979). Mathematical model
for studying genetic variation in terms of
restriction endonucleases. Proc. Natl. Acad.
Sci. 76: 5269-5273.

Parmar P, Salman A, Kalavathy CM, Kaliamurthy
J, Thomas PA, Jesudasan CA (2006).
Microbial keratitis at extremes of age. Cornea
25, 153-158

Pearlman E, Johnson A, Adhikary G, Sun Y,
Chinnery HR, Fox T, Kester M, McMenamin
PG (2008). Toll-like receptors at the ocular
surface. Ocul Surf 6, 108-116

843

Rossolini GM, Mantengoli E (2005). Treatment
and control of severe infections caused by
multiresistant Pseudomonas aeruginosa. Clin
Microbiol Infect 11, 17-32

Trautmann M, Bauer C, Schumann C, Hahn P,
Hoher M, Haller M, Lepper PM (2006).
Common RAPD pattern of Pseudomonas
aeruginosa from patients and tap water in a
medical intensive care unit. International
journal of hygiene and environmental health
209, 325-231

Wareham DW, Curtis MA (2007). A genotypic and
phenotypic comparison of type Il secretion
profiles of Pseudomonas aeruginosa cystic
fibrosis and bacteremia isolates. International
Journal of Medical Microbiology 297, 227-
234

Willcox MD (2007) Pseudomonas aeruginosa
infection and inflammation during contact
lens wear. Optom Vis Science 84, 273-278

Yen, N.T; Dang, M.D; Aravinda Rao, M.D; Peter,
R. Kastl, M. Robert, C.; Michacl, J.; Schurt,
PH.; Diane, A. and Blake, PH. (2003).
Quantifying Pseudomonas aeruginosa
adhesion to contact lenses- eye and contact
lens, 29 (2): 65-68.

Zegans ME, Becker HI, Budzik J, O’Toole G
(2002). The role of bacterial biofilms. in
ocular infections. DNA Cell Biology 21, 415-
420


http://bjo.bmj.com/search?author1=F+Musa&sortspec=date&submit=Submit
http://bjo.bmj.com/search?author1=R+Tailor&sortspec=date&submit=Submit
http://bjo.bmj.com/search?author1=E+Hutley&sortspec=date&submit=Submit
http://bjo.bmj.com/search?author1=S+Rauz&sortspec=date&submit=Submit
http://bjo.bmj.com/search?author1=R+A+H+Scott&sortspec=date&submit=Submit



