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The aim of this study was to investigate the prevalence and type of microbial contamination, associated
with contact lenses and lens care accessories used by a group of contact lens wearers. Results show
that a total of 178 strains were isolated, including, 100 Gram positive and 78 Gram negative bacteria.
Staphylococcus epidermidis and Pseudomonas aeruginosa were the most common microorganisms
isolated (25.281 and 13.483% respectively. 24 P. aeruginosa were isolated from lenses and eyes of
contact lens and non-contact lens wearers. All isolates were susceptible to the tested aminoglycosides
and fluoroquinolones. Aminoglycosides and fluoroquinolones (ciprofloxacin) were more efficient than
B-lactams. 91.67% of the strains had intermediate-resistant to cefotaximee; 4.17% were resistant and
4.17% were sensitive to Cefotaximee. 95.83% of the strains were sensitive, while 4.17% were resistant to
Imipenem. 20.83 and 12.5% of P. aeruginosa strains were resistant and sensitive to Ceftriaxone
respectively, while 66.67% were moderately-resistant to ceftriaxone of the B-lactam class. All isolates

were sensitive to the other tested B-lactam.
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INTRODUCTION

For more than 20 years, many researchers have worked
toward understanding why the corneas of contact lens
wearers are more susceptible to infection (Evans et al.,
2007; Willcox, 2007; Pearlman et al., 2008; Fleiszig et al,
2006; Maltseva, 2007 and Fleiszig and Evans, 2010).
Several decades of research and some major advances
in lens and solution technology have not resulted in a
decline in disease incidence (Fleiszig and Evans, 2010).
Contact lens wear continues to be a significant risk
factor for the development of acute sight-threatening
corneal infections (microbial keratitis) as reported (Green
et al., 2008a; Ibrahim et al., 2009; Edwards et al., 2009;
Stapleton et al., 2008). Devonshire et al. (1993) reported
that the problem in contact lens wear was the presence
of bacteria and other microorganisms; because some
contact lens wearers had developed microbial keratitis.
Martins et al. (2002) observed the presence of fungi,
parasites and bacteria in contact lens swabs cultures. It
has been reported that the environment, the type of

contact lens (CL), the duration of wear, and the type of
CL cleansing solution determined the microbial load on
the contact lenses (Iskeleli et al., 2002; Lee and Lim,
2003). Staphylococcuss epidermidis, Staphylococcuss
aureus, Enterobacter and Pseudomonas species found in
healthy eyes, were also observed on soft contact lenses
of healthy persons (Sankaridurg et al., 2000).

Pseudomonas aeruginosa is a Gram-negative,
opportunistic pathogen implicated in sight-threatening
ocular infectious diseases such as keratitis (Sharma et
al., 2006; Willcox, 2007; Green et al., 2008a).

P. aeruginosa keratitis is considerably more common in
contact lens wearers compared with non-contact lens
wearers, presumably because of the altered ocular
environment. Bacterial contamination of lenses and
storage cases has been reported even in association with
good compliance with care and hygiene regimens.
Phenotypic traits expressed in biofilms are partially
responsible for the emerging resistance against
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antimicrobial therapy (del Pozo and Patel, 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.

P. aeruginosa is also one of the most commonly
cultured organisms in non-contact lens-related ocular
trauma events that lead to keratitis (Hooi and Hooi, 2005;
Parmar et al.,, 2006; Green et al., 2008b). 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).
From their results, they suggest that P. aeruginosa
isolates from different infection origins may have different
characteristics. Multi drug resistance in P. aeruginosa is
steadily increasing also worldwide (Navon-Venezia et al.,
2005). Although definitions of multi drug resistance are
variable, they  often involve resistance  to
fluoroquinolones, expanded-spectrum cephalosporins,
carbapenems, and aminoglycosides. As an example, a
progressive increase in multi drug-resistant P. aeruginosa
(resistance to 23 antibiotics) was observed from 7.1% in
2001 to 9.9% in 2003 in the US (Navon-Venezia et al.,
2005; Falagas and Bliziotis, 2007).

There is no reason why such an increase of multi drug
resistance (MDR) in P. aeruginosa may slow down soon,
especially in countries that face a high level of MDR of P.
aeruginosa (Asia, South America, Southern Europe and
countries located on the border of the Mediterranean
sea). Multi drug resistance is worrisome since it
corresponds to the addition of unrelated mechanisms of
resistance that are difficult if not impossible to reverse
once gathered in single genetic resistance structures
(transposon, integron, plasmid); these latter structures
contributes to co-selection of resistances. Recent reports
unravel the successive mechanisms (efflux, outer
membrane permeability defect) that are at the basis of
MDR development in clinical P. aeruginosa isolates
(Reinhardt et al., 2007; EI'Garch et al., 2007). The aim of
this study was to investigate the prevalence and type of
microbial contamination, identify the contaminants
associated with contact lenses and lens care accessories
used by a group of contact lens wearers and to evaluate
the resistance or susceptibility of P. aeruginosa, which is
the most common pathogen in contact lens keratitis and
corneal ulcer to different antibiotic regimens.

MATERIALS AND METHODS

Clinical isolates were obtained from contact lens storage cases,
contact lenses and contact lenses wearer between November 2010
and December 2011 in Saudi Arabia. Contact lenses samples were
collected by using sterile cotton swabs moisturized with normal
saline solution, while eyes samples were done by swabbing the
lower conjunctive sac by sterile cotton swabs. The swabs were
incubated in brain heart infusion tubes and incubated for 24 h at
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37°C. According to MacFaddin (2000), sub cultures were done on
blood agar, MacConkey agar, Cetrimide agar, Vogel-Johnson’s
agar and nutrient agar and were incubated at 37°C for 24 h.
Identification of bacterial isolates were done by Gram’s staining,
using selective media and biochemical tests including catalase,
coagulase, and oxidase test according to Lancette and Tatini
(1992). Further identification of enteric organisms was done using
the API 20E test strips. P. aeruginosa strains were identified by 16S
rRNA gene (Al-Zahrani et al., 2012).

P. aeruginosa antibiotics susceptibility tests

Twenty-four (24) P. aeruginosa clinical isolates were subjected to
antibiotic susceptibility test according to NCCLS (1994) by disc
diffusion method; Amikacin, 30 pg; Gentamicin, 10ug; Meropenem,
10 pg; Impienim, 10 pg, Netilmicin, 30 pg; Piperacillin/Tazobactam,
110 pg; Ceftriaxone, 5 pg; Aztreonam, 30 pg; Ceftazidimeug 30 ug;
Ciprofloxacin 5 pg; Norfloxacin, 10 pg and Cfotaxim 5 pg. MIC
bacterial susceptibilities to these antibiotics were determined using
Microscan (walk away 96 Sl plus) from Siemens; P. aeruginosa
ATCC27853 was used as a test control.

RESULTS

Results show that a total of 178 strains were isolated
including 100 Gram positive and 78 Gram negative
bacteria. The bacterial species were Acinetobacter
baumannii, Enterobacter cloacae, P. aeruginosa,
Enterobacter aerogenes, isolated from eyes-lenses,
Serratia marcescens, Providencia rettgeri, Providencia
rettgeri, Acinetobacter Iwoffii, Burkholderia cepacia,
Micrococcus luteus and Staphylococcuss aureus from
lenses, Acinetobacter Iwoffii, Klebsiella pneumoniae from
lenses, lens cases, Bacillus sp. and S. epidermidis from
eyes, lenses, lens care solutions and lens cases (Table
1). From patients with endophthalmitis, for the isolates
from contact lenses and isolates from eyes and lenses,
S. epidermidis was the most common microorganisms
found in this study.

Before this study, it was reported that P. aeruginosa
was the most common contaminant of contact lenses but
as asymptomatic subjects were analyzed during the
study, the results in show that S. epidermidis was the
highest number of all the isolate 45 (25.28%) (Table 1).
Members of transient flora are considered to be of little
significance as long as the normal epithelial surface
remains intact. It has been implicated in several lens
wearer complications including keratitis and corneal
ulcers. The results of the present study are reflective of
the observation that P. aeruginosa and S. epidermidis are
the dominant bacteria that cause ocular infections among
contact lens wearers. These finding are in confirmation
with the earlier reports (Kanpolat, 1992).

In this study, Gram™ Bacillus sp. rate were 15 (8.427%).
Few cases of Bacillus keratitis among contact lens
wearers were reported earlier (Pinna et al., 2001).
Bacillus spores survived multiple lens disinfection
treatments.

Other bacterial isolates were found in small number
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Table 1. Bacterial strains isolated from contact lens and non- contact lens wearers.
Gram stain Nl.Jm ber of Bacteria Source Isolate (%)
isolate

10 Achromobacter xylosoxidans Eyes -lenses 5.618
10 Acinetobacter baumannii Eyse - lenses 5.618
6 Enterobacter cloacae Eyes - lenses 3.371
5 Pseudmonas fluorescens Eyes - lenses 2.809
4 Enterobacter aerogenes Eyes - lenses 2.247

Gram’ 24 Pseudomonas aeruginosa Eyes - lenses 13.483
13 Serratia marcescens Leness 7.303
4 Providencia rettgeri Lenses 2.247
8 Acinetobacter Iwoffii Lenses 4.494
8 Proteus.mirabilis Lenses - lens Cases 4.494
8 Klebsiella pneumoniae Lenses- lens cases 4.494
15 Bacillus sp. Eyes - lenses-lens care solutions 8.427
9 Burkholderia cepacia Lenses 5.056

Gram® 4 Micrococcus luteus Lenses 2.247
5 Staphylococcus aureus Lenses 2.809
45 Staphylococcus epidermidis Eyes - lenses- lens cases and lens care solutions 25.281

Total 178 100

Such as Enterobacter cloacae 6 (3.37%) patients with keratitis strains from consecutive Aminoglycosides and fluoroquinolones

Pseudmonas fluorescens, and S. aureus 5
(2.809%) while Enterobacter aerogenes and
Micrococcus luteus were the smallest number 4
(2.247%). S. epidermidis, S. aureus, Enterobacter
and Pseudomonas species found in healthy eyes,
were also observed on soft contact lenses of
healthy persons (Sankaridurg et al., 2000).

P. aeruginosa isolates were the second highest
number of all isolate 24 (13.48%). Results in
(Table 2) illustrate the origin of the isolated 24
strains; one of them was isolated from patients
with endophthalmitis, and 4 from contact lenses
belonging to a patient with contact lens-
associated red eye (CLARE) and 12 strains from

patients attending King Khaled Eye Hospital in
Riyadh, Saudi Arabia over a 12-month period. The
remaining five strains were isolated from contact
lens cases belonging to asymptomatic wearers
(CLCaw). Contact lenses made from nonionic
polymers with high water content may carry higher
risks of bacterial contamination (Dang et al.,
2003).

P. aeruginosa was found to be the next
dominant organisms. It is a Gram™ rod that is
considered as transient microorganisms in the
normal healthy eyes. The transient flora is
contracted from the environment and inhabits the
conjunctiva for hours, days or weeks.

(ciprofloxacin) are more efficacious than G-
lactams. The MIC test results show that 91.67% of
strains were intermediately-resistant to
Cefotaximee, except two of the isolates (8.33%),
strain 7 and strain 23 were resistant and sensitive
to Cefotaximee respectively. 95.83% of the strains
were sensitive, except strain 3 which was
resistant to Imipenem (4.17%). Five isolates
(20.83%) of P. aeruginosa, strains 6, 8, 17, 22
and 24 were resistant to Ceftriaxone and three
strains, 12, 18 and 23 were sensitive (12.5%),
while 66.67% were intermediate-resistant to
ceftriaxone of the B-lactam class. All isolates
were sensitive to other tested B-lactam.
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Table 2. Contact lens-related and non-contact-lens-related P. aeruginosa.

Number of isolate  Source The case of the source
7 Soft contact lenses Used by healthy persons
4 Soft contact lenses Patients with contact lens-associated red eyes (CLARE)
1 Eyes of contact lenses wearers Asymptomatic wearer
12 Eyes of contact lenses wearers Patients with keratitis

Antibiotic susceptibility test by disc diffusion method results for P. aeruginosa are showed in Table (3). Most of the isolates were
resistant to Ceftriaxone except isolates 12, 15, 16, 18 and 23 and the control test P. aeruginosa ATCC 27853. All isolates except
isolate 23 were resistant to Cefotaxime. All isolates were sensitive to the other antibiotics that were used in this study except isolate 3
which was resistant to Impienim.

Table 3. Sensitivity (S) and resistant ( R) of P. aeruginosa to antibiotics by diffusion method.

Diameter of inhibition zone (in mm)

Isolate of number E X S _E s E E o] % § Tg‘
ST 5 £ § 8 2 8 5 & £

s 2 « § & =z = 2 & 3

Control R 29 27 18 34 24 25 33 22 26 30
1 R 30 25 R 29 22 21 29 20 24 28
2 R 31 27 R 30 24 26 23 22 27 29
3 R 30 24 R 31 23 R 16 20 26 27
4 R 31 25 R 31 21 28 29 19 25 28
5 R 32 26 R 30 22 27 27 20 24 28
6 R 30 25 R 31 20 27 28 19 29 26
7 R 33 28 R 30 20 25 34 18 24 26
8 R 32 25 R 31 21 29 30 19 24 30
9 R 3 28 R 28 20 30 29 19 25 30
10 R 34 25 R 31 25 28 29 22 28 28
11 R 31 29 R 29 20 28 27 19 23 21
12 R 30 27 18 32 21 28 31 20 25 30
13 R 30 24 R 31 20 27 34 18 24 26
14 R 34 25 R 33 20 29 29 24 23 25
15 R 30 25 18 34 23 23 31 21 26 30
16 R 31 26 18 32 20 29 34 20 23 30
17 R 30 26 R 30 22 28 3 21 25 29
18 R 31 24 19 34 22 31 28 21 26 26
19 R 30 25 R 31 24 3 32 21 24 27
20 R 30 28 R 30 19 26 29 22 27 28
21 R 29 25 R 29 23 26 35 20 25 30
22 R 36 24 R 29 23 31 33 19 24 29
23 18 33 25 22 33 22 33 3 20 25 35
24 R 33 24 R 30 25 31 22 24 29 28

No P. aeruginosa isolate showed resistance to any of the associations between virulence characteristics, which
aminoglycosides (Table 4). may function co-operatively. Further investigations are

Adverse outcomes associated with the keratitis caused required to understand the mechanisms involved in P.
by these clinical strains may be attributed to the aeruginosa virulence, which in effect provide the tools to
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Table 4. Minimum inhibition concentration of antibiotics.

Antibiotic

Isolate

Norfloxacin
Aztreonam
Ceftazidime
Ciprofloxacin
Meropenem

Impienim

Gentamicin
Netilmicin
Amiacin
Tazobactam
Cefotaxime
Ceftriaxone
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rapidly monitor newly virulent strains and provide better
strategies to contain the disease.

DISCUSSION

There is a continuous increase in the use of contact
lenses in Saudi Arabia because of the optical,
occupational and cosmetic advantages to individuals.
The unique structure of the human eye, the use of
contact lenses and the constant exposure of the eye
directly to the environment renders it vulnerable to a
number of uncommon infectious diseases caused by
microorganisms. Host defences directed against these
pathogenic microorganisms, once anatomical barriers
were breached, were usually inadequate to prevent loss
of vision (Sankaridurg et al., 2000). Therefore, necessary
precautions are required to protect the eye from these

opportunistic organisms. These microorganisms and their
pathogenic effects might be different from country to
country, particularly in the developing countries (Jabs et
al., 1995; Ragupathy et al., 2009). Therefore, the timely
identification of the microorganisms found in contact
lenses of Saudi wearers is of paramount importance.
Nevertheless, conditions may occur during lens wear
such as microscopic trauma in the corneal epithelium,
reduction in tear volume and as well reduction of aerobic
normal epithelial metabolism may cause the bacterium to
become opportunistic and cause infection (Mondino et
al., 1986). It is therefore obvious that there are
controversies about the effect of soft contact lenses on
ocular microbiota and the associated diseases. Many
authors reported that asymptomatic lens wear for
extended periods did increase ocular microbiota (Larkin
et al., 1991; Hart et al., 1993) and others reported that
asymptomatic lens worn for extended periods did not



increase normal ocular microbiota (Gopinathan et al.,
1997; Willcox et al., 1997). However, Efron et al. (2005)
suggested that ocular diseases of contact lens wearer
could be as a result of noncompliance or omission of
surfactant cleaning rub and rinse steps, the use of
disinfecting solution of marginal efficacy and lenses that
attract and rapidly deposit protein. Thus, the lens care
regimen is an important factor for consideration on
subjects that showed no growth among the daily and
extended contact lenses wearers.

However, due to the small sample size in each year,
this trend was not statistically significant. It must be also
noted that the present study and other studies referenced
above are based on in vitro results, which do not
necessarily mirror the clinical response to an antibiotic
and could differ to the drug efficacy demonstrated in vivo
(Kunimoto et al., 1999; Smitha et al., 2005).
Nevertheless, this in vitro study supports the concern
about emerging fluoroquinolone-resistant P. aeruginosa
strains in ocular infections, and highlights the need for
continuous monitoring of emerging bacterial resistance.
All isolates were susceptible to the fluoroquinolones
(ciprofloxacin) in the MIC test.

Fluoroquinolones are commonly used as topical
monotherapy for corneal infections. Since the introduction
of second-generation fluoroquinolones ciprofloxacin and
ofloxacin in the 1990s, the reported incidence of in vitro
resistance to these antibiotics among bacteria isolated
from bacterial keratitis and endophthalmitis has been
steadily increased in the USA (Hwang, 2004) and India
(Smitha et al., 2005). In the current study, 11% of all
keratitis isolates in Australia were non-susceptible to
ofloxacin, which is higher than the results of previous
report (Zhu et al., 2006) in which the strains used were
isolated through the years 1986 to 2004. An increasing
trend of fluoroquinolone resistance was found in non-
contact lens-related isolates, as the resistance rate
increased from 8% (2/24) before year 2005 to 24% (4/17)
from year 2006 (Choy et al., 2008).

Conclusion

The most common bacteria that contaminate contact
lenses and its accessories were S. epidermidis and P.
aeruginosa. The results suggest that P. aeruginosa
isolated from different infectious samples may have
different characteristics. We found that all strains of P.
aeruginosa were resistant to the antibiotic Cefotaximee
except one strain, while three strains were sensitive to
Ceftriaxone; so these antibiotics still can be used in the
treatment of infections caused by these sensitive strains
of P. aeruginosa.

REFERENCES

Al-Zahrani SHM, Aly NAH, Al-Harbi MA (2012). Genetic character-

Al-Zahrani 7355

ization of Pseudomonas aeruginosa isolated from contact lenses and
other sources by RAPD analysis. Life Sci. J. 9(1):835-843.

Choy MH, Stapleton F, Willcox MDP and Zhu H (2008). Comparison of
virulence factors in Pseudomonas aeruginosa strains isolated from
contact lens- and non-contact lens-related keratitis. J. Med. Microbiol.
57:1539-1546.

Dang YN, Rao A, Kastl PR, Blake RC Jr, Schurr MJ, Blake DA (2003).
Quantifying Pseudomonas aeruginosa Adhesion to contact lenses-
Eye Contact Lens 29(2):65-68.

del Pozo JL, Patel R (2007). The challenge of treating biofilm
associated bacterial infections. Clin. Pharmacol. Ther. 82:204-209.

Devonshire P, Munro FA, Abernethy C, Clark BJ (1993). Microbial
contamination of contact lens cases in the West of Scotland. Br. J.
Ophthalmol. 77:41-45.

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.

Efron N, Morgan PB, Hill EA, Raynor MK, Tullo AB (2005). Incidence
and morbidity of hospital-presenting corneal infiltrative events
associated with contact lens wear. Clin. Exp. Optom. 88:232-239.

El'Garch F, Jeannot K, Hocquet D, Lianes-Barakat C, Plesiat P (2007).
Cumulative effects of several non-enzymatic mechanisms of the
resistance of Pseudomonas aeruginosa to aminoglycosides,
Antimicrob. Agen. Chemother. 51:1016-1021.

Evans DJ, McNamara NA, Fleiszig SM. (2007). Life at the front:
dissecting bacterial-host interactions at the ocular surface. Ocul. Surf.
5:213-227.

Falagas ME, Bliziotis IA (2007). Pandrug-resistant gram-negative
bacteria: the dawn of the post-antibiotic. Int. J. Antimicrob. Agent
29:630-636.

Fleiszig SMJ (2006). The pathogenesis of contact lens-related keratitis.
Optom. Vis. Sci. 83:866-873.

Fleiszig SMJ, Evans DJ (2010). Pathogenesis of Contact Lens-
Associated Microbial Keratitis. Am. Acad. Opt. 87(4):225-232.

Gopinathan U, Stapleton F, Sharma S, Willcox MDP, Sweeney DF, Rao
GN (1997). Microbial contamination of hydrogel contact lenses. J.
Appl. Microbiol. 82:653-658.

Green M, Apel A & Stapleton F (2008a). A longitudinal study of trends in
keratitis in Australia. Cornea 27:33-39.

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

Hart DE, Reindel W, Proskin HM, Mowrey-McKee MF (1993). Microbial
contamination of hydrophilic contact lenses: quantitation and
identification of microorganisms associated with contact lenses while
on the eye. Optom. Vis. Sci. 70:185-191.

Hooi SH, Hooi ST (2005). Culture-proven bacterial Kkeratitis in a
Malaysian general hospital. Med. J. Malays. 60:614-623.

Hwang DG (2004). Fluoroquinolone resistance in ophthalmology and
the potential role for newer ophthalmic fluoroquinolones. Surv.
Ophthalmol. 49(2):79-83.

Ibrahim YW, Boase DL, Cree IA (2009). Epidemiological characteristics,
predisposing factors and microbiological profiles of infectious corneal
ulcers: the Portsmouth corneal ulcer study. Br.J. Ophthalmol.
93(10):1319-24.

Iskeleli G, Bahar H, Unal M, Artunay O, Torun MM (2002). Microbiologic
evaluation of frequent replaced soft contact lenses. CLAO J. 28:192-
195.

Jabs DA, Quinn TC, En Pepose JS, Holland GN, (1995). Acquired
immunodeficiency syndrome. ocular infection and immunity. St.
Louis: Moshy, pp. 289-310.

Kanpolat A (1992). Contamination in contact lens care system. CLAO J.
18: 105-7.

Kunimoto DY, Sharma S, Garg P, Rao GN (1999). In vitro susceptibility
of bacterial keratitis pathogens to ciprofloxacin: emerging resistance.
Ophthalmology 106:80-85.

Lancette GA, Tatini SR (1992). Staphylococcuss aureus. In: eds
Vanderzant, C.and Splittstoesser, D. F. (eds.). Compendium of
methods for the microbiological examination of foods. Washington:
Amer. Pub. Health Assoc., pp 533-550.

Larkin DFP, Leeming JP (1991). Quantitative alteration of commensal
eye bacteria in contact lens wearers. Eye Contact Lens, 5:70-74.


http://jmm.sgmjournals.org/content/57/12/1539.full#ref-33
http://jmm.sgmjournals.org/content/57/12/1539.full#ref-51
http://jmm.sgmjournals.org/content/57/12/1539.full#ref-27
http://jmm.sgmjournals.org/content/57/12/1539.full#ref-51
http://jmm.sgmjournals.org/content/57/12/1539.full#ref-68
http://jmm.sgmjournals.org/search?author1=Man+H.+Choy&sortspec=date&submit=Submit
http://jmm.sgmjournals.org/search?author1=Man+H.+Choy&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=Dang%20YN%5BAuthor%5D&cauthor=true&cauthor_uid=12695704
http://www.ncbi.nlm.nih.gov/pubmed?term=Rao%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12695704
http://www.ncbi.nlm.nih.gov/pubmed?term=Kastl%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=12695704
http://www.ncbi.nlm.nih.gov/pubmed?term=Blake%20RC%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=12695704
http://www.ncbi.nlm.nih.gov/pubmed?term=Schurr%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=12695704
http://www.ncbi.nlm.nih.gov/pubmed?term=Blake%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=12695704
http://www.ncbi.nlm.nih.gov/pubmed/19502241

7356 Afr. J. Microbiol. Res.

Lee KJ, Lim L (2003). Pseudomonas Kkeratitis associated with
continuous wear silicone hydrogel soft contact lens: a case report.
Eye Contact Lens 29:255-257.

MacFaddin JF (2000). Biochemical Tests for Identification of Medical
Bacteria, 3rd ed., Lippincot Williams & Wilkins, US, pp. 912.

Maltseva IA, Fleiszig SM, Evans DJ, Kerr S, Sidhu SS, McNamara NA,
Basbaum C (2007). Exposure of human corneal epithelial cells to
contact lenses in vitro suppresses the upregulation of human
betadefensin-2 in response to antigens of Pseudomonas aeruginosa.
Exp. Eye Res. 85:142-153.

Martins EN, Farah ME, Alvarenga LS, Yu MC, Hoflin-Lima AL (2002).
Infectious Keratitis: correlation between corneal and contact lens
cultures. CLAO J. 28:146-8.

Mondino BJ, Weissman BA, Frab MD (1986). Corneal ulcers associated
with daily wear & extended wear contact lenses. Am. J. Ophthalmol.
102:58.

National Committee for Clinical Laboratory Standards (1994). Zone
diameter interpretive standards and equivalent minimum inhibitory
concentration breakpoints for organisms other than Haemophilus sp.,
N. gonorrheae and S. pneumoniae. Pensylvania, USA: NCCLS.

Navon-Venezia S, Ben-Ami R, Carmeli Y (2005). Update on
Pseudomonas aeruginosa and Acinetobacter baumannii infections in
healthcare setting. Curr. Opin. Infect. Dis. 18:306-313.

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.

Pinna A, Sechi LA, Zanetti S (2001). Bacillus cereus keratitis associated
with contact lens wear. Ophthalmology 108:1830-1834.

Ragupathy V, Zhao J, Wang X, Wood O, Lee S, Burda S (2009).
Comparative analysis of cell culture and prediction algorithms for
phenotyping of genetically diverse HIV-1 strains from Cameroon.
AIDS Res. Ther. 6:6405-6427.

Reinhardt A, Kohler T, Wood P, Rohner P, Dumas JL, Ricou B, van
Delden C (2007). Development and persistence of antimicrobial
resistance in Pseudomonas aeruginosa: a longitudinal observation in
mechanically ventilated patients. Antimicrob. Agent Chemother.
51:1341-1350.

Rossolini GM, Mantengoli E (2005). Treatment and control of severe
infections caused by multiresistant Pseudomonas aeruginosa. Clin.
Microbiol. Infect. 11(4):17-32.

Sankaridurg PR, Sharma S, Willcox M, Naduvilath TJ, Sweeney DF,
Holden BA (2000). Bacterial colonization of disposable soft contact
lenses is greater during corneal infiltrative events than during
asymptomatic extended lens wear. J. Clin. Microbiol. 38:4420-4424.

Sharma N, Sinha R, Singhvi A, Tandon R (2006). Pseudomonas
keratitis after laser in situ keratomileusis. J. Cataract Refract. Surg.
32:519-521.

Smitha S, Lalitha P, Prajna V, Srinivasan M (2005). Susceptibility trends
of Pseudomonas species from corneal ulcers. Indian J. Med.
Microbiol. 23:168-171.

Stapleton F, Keay L, Edwards K (2008). The incidence of contact lens-
related microbial keratitis in Australia. Ophthalmology 115:1655-
1662.

Willcox MD (2007). Pseudomonas aeruginosa infection and
inflammation during contact lens wear: a review. Optom. Vis. Sci.
84:273-278.

Willcox MD, Power KN, Stapleton F, Leitch C, Harmis N, Sweeney DF
(1997). Potential sources of bacteria that are isolated from contact
lenses during wear. Optom. Vis. Sci. 74:1030-1038.

Zhu H, Conibear TCR, Bandara R, Aliwarga Y, Stapleton F, Willcox
MDP (2006). Type Ill secretion system-associated toxins, proteases,
serotypes, and antibiotic resistance of Pseudomonas aeruginosa
isolates associated with keratitis. Curr. Eye Res. 31:297-306.



