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ing solutions three times. The direct colony counts 
after being plated and incubated are displayed below. 

Table 2. Raw data. In each column with a bacterial 
test strain label, the exp. denotes the expected 
CFU/ml after exposure to the solution. The actual 
CFU/ml as determined from the plate counts is dis
played below. The "p" or "f" designation notates 
whether the solution passed or failed to meet the 3-
log reduction. 

Incubation 
Period 

35.5-42 hours 
for all plates 

Opti-Free Rep-
lenish ® 

1 

2 
3 

Complete® 1 

2 
3 

Re-Nu Sensi-
tive® 

1 
2 
3 

Equate® 
1 
2 
3 

DISCUSSION 

Ocular 
Cocci 

Exp. 
119 

10 P 
OP 

10 P 

OP 

20 P 
OP 

10 p 
10 P 
OP 

20P 
OP 

OP 

Gram 
(-) Rods 

Exp. 
17 

50 F 
OP 

70 F 

20 F 
10 p 
10 P 

120F 
90 F 

210F 

60 F 
60 F 
90 F 

Gram(+) 
Rods 

Exp. 36 

60 F 
90 F 
OP 

10 p 
30 P 
100F 

80 F 
110F 
120F 

40 F 
30 P 
40 F 

Of considerable notability, the solutions all met the 3-
log reduction when exposed to the ocular strain of 
cocci; however, no solution met the 3-log reduction 
for all three repetitions of the Gram positive and 
Gram negative rods which were not ocular in origin. 
The results cannot be interpreted as absolute regard
ing the comparisons between solutions for each bac
terial strain tested. The power of the ANOVA tests 
was considerably lower for those comparisons which 
failed to detect any significant difference. The power 
was only 0.145 whereas the desired power was 
0.800 for the evaluation of the differences between 
solutions when exposed the Gram positive rods. 
Power of the ANOVA used to evaluate the difference 
in interactions amongst solutions exposed to cocci 
Was only 0.05 rather than 0.800. However, the pow
er of the ANOVA which detected the significant dif
ference amongst the solutions exposed to the Gram 
negative rods was 0.915. The Holm-Sidak test re-

vealed a significantly greater CFU/ml remaining after 
exposure to Re-Nu Sensitive® in contrast to CFU/ml 
remaining after exposure to either Complete® or Op
ti-Free Replenish®. To further increase the power of 
the tests and reduce the variability of the results, one 
should use more repetitions of each solution-strain 
combination. Accuracy of the initial inoculating con
centrations used to test solutions could be further 
ensured by making replicate serial dilution plates to 
verify the reproducibility of colony counts. 

One additional possible source of error in this ex
periment is the prolonged storage periods in both the 
incubator and refrigerator. Multiple re-cultures in the 
laboratory and varying storage conditions can cause 
the bacterial population to deviate from the original 
sample; previous studies recommended that no more 
than five re-cultures should be taken if the subcul
tures are to remain representative of the original bac
terial population. The samples used in solution test
ing were re-cultured more than five times, and there
fore there may be genetic discrepancy between the 
test culture and the original culture (ATCC, 2010). 

When considering the results of this experiment, 
one should note that the methodology of this study 
differed from the previous experiment conducted by 
Hume et. al. (2007), because their team used 10 µl 
of cell culture in 1 ml of disinfecting solution. Hume 
et. al. previously noted that 10 ml of disinfecting 
solution is the volume recommended by the ISO ra
ther than 1 ml; therefore the larger test volume was 
implemented in this study. Also note that this study 
used longer incubation periods in contrast to previous 
studies. The extended incubation period was imple
mented to allow for sufficient time to detect the 
growth of the slower growing ocular strain. 

While these results suggest that certain disinfect
ing solutions may be less effective against the non
ocular isolates of bacteria, further testing of clinically 
isolated bacterial strains of ocular origin is necessary 
to draw conclusions sufficient to warrant any change 
in the current disinfection systems. In addition, future 
experiments could test microorganisms representa
tive of the fungal or protozoa! pathogens. One could 
also evaluate the effects of biofilms and solution inte
ractions since the observations of this study were 
restricted to the evaluation of microbial behavior in 
the planktonic form. 

ACKNOWLEDGEMENTS 

I wish to thank the faculty of the natural science de
partment. In particular, I give special thanks to Dr. 
Frye and Dr. Koralegedara for assisting me with 
the development of the project design, the location 
of materials, and their assistance in acquiring lite
rary review resources. I also wish to recognize 
Karissa Ferrell for contribution of the original Gram 
positive and Gram negative rod isolates. Finally, I 
wish to acknowledge the doctors and staff of a lo-



36 Cantaurus 
j 

cal optometric clinic for their advice and support 
for the topic development and for their assistance 
in the acquisition of samples. 

LITERATURE CITED 

ATCC. 2010. Reference strains: how many passages 
are too many? technical bulletin no. 6. 

http://www.atcc.org/Cu ltu resand Products/Technical 
Support/ (March, 2011 ). 

Boost, M, S Lai, C Ma, and P Cho. 2010. Do multi
purpose contact lens disinfecting solutions work 
effectively against non-FDA/ISO recommended 
strains of bacteria and fungi? Ophthalmic and 
Physiological Optics 30:12-19. 

Flynn, LB, Y Imamura, J Chandra, C Yu, PK Mukher
jee, E Pearlman, and MA Ghannoum. 2009. In
creased resistance of contact lens-related bacteri
al biofilms to antimicrobial activity of soft contact 
lens care solutions. Cornea 28:918-926. 

Hume, EB, H Zhu, N Cole, C Huynh, S Lam, and 
MDP Willcox. 2007. Efficacy of contact lens multi
purpose solutions against Serratia marcescens.

Optometry and Vision Science 84:316-320. 

Leung, P, MV Boost, and P Cho. 2004. Effect of sto
rage temperatures and time on the efficacy of mul
tipurpose solutions for contact lenses. Ophthalmic 
and Physiological Optics 24: 218-224. 

McDonnell, G, and AD Russell.1999. Antiseptics and 
disinfectants: activity, action, and resistance. 
www.ncbi.nlm.nih.gov (11 January, 2011 ). 

Morgan, PB, N Efron, EA Hill, MK Raynor, MA Whit
ing, and AB Tullo. 2005. Incidence of keratitis of 
varying severity among contact lens wearers. Brit
ish Journal of Ophthalmology 89:430-436. 
www.bjophthalmol.com (31 March, 2011). 

Ritterband, DC. 2007. Multi-purpose Contact Lens 
Solutions and the Risk of Contact Lens Keratitis. 
Review of Ophthalmology 14:5-6. 

Schein, OD, JJ McNally, J Katz, RL Chalmers, JM 
Tielsch, E Alfonso, M Bullimore, D O'Day, and J 
Shovlin. 2005. The incidence of microbial keratitis 
among wearers of a 30-day silicone hydrogel ex
tended-wear contact lens. Ophthalmology 112: 
2172-2179. 

Stone, RP. 2007. Understanding corneal barrier inte
grity: the cornea, the contact lens, and contact 
lens solutions. Review of Ophthalmology 14: 2-4, 
7-15.

Yung, MS, M Boost, P Cho, M Yap. 2007. Microbial 
contamination of contact lenses and lens care ac
cessories of soft contact lens wearers (university 
students) in Hong Kong. Ophthalmic and Physio
logical Optics 27: 11-21 . 




