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ABSTRACT
Introduction: Majority of individuals who acquire Acanthamoeba keratitis are contact lens wearers. A number of disinfection 

solutions are completely ineffective against Acanthamoeba, especially in its cysts form. Acanthamoeba keratitis could be prevent-
ed by the adequate use of an effective disinfection system. 

Objectives: This study investigates the effectiveness of Oxysept® 1-Step lens disinfecting solution against 4 clinical isolates of 
Acanthamoeba sp., based on the soaking time recommended by the manufacturer and soaking times of 4 hours, 6 hours and 8 
hours. 

Materials and Methods: Cyst suspensions were prepared using Acanthamoeba cysts grown on Non-Nutrient Agar (NNA) for 
10 days at 30℃ (± 2℃). Oxysept® 1-Step contact lens disinfecting solution was used to determine its effectiveness as anti-Acan-
thamoeba agent. Cyst suspensions of each isolate were tested based on the manufacturers' recommended soaking time, 4 hours, 6 
hours and 8 hours respectively. After the soaking time, 100 μl cyst suspension of each isolate was cultured onto NNA plates seed-
ed with E. coli at 30℃ (± 2℃) and observed daily for 14 days under an inverted microscope to detect the presence of tropho-
zoites. 

Results: Oxysept® 1- Step was successful at inactivating the cysts of all the Acanthamoeba spp. isolates tested within all the 
testing times. Oxysept® 1- Step showed high anti-Acanthamoeba activity. 

Conclusion: Contact lens disinfecting solutions using hydrogen peroxide systems are probably the best choice for contact 
lens wearers in preventing Acanthamoeba keratitis.
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INTRODUCTION

Acanthamoeba is a free-living amoeba that is present in all types of 
environments throughout the world. This parasite has been isolated from 
soil, air, water, contact lens, contact lens storage cases and contact lens 
solutions1-3). It is known to cause a severe eye infection called 
Acanthamoeba keratitis which can lead to blindness if left untreated. 
The single most important risk factor for acquiring Acanthamoeba kera-
titis is contact lens wear. Usually this involves a deviation from contact 
lens wear and care procedures recommended by the lens manufacturer 
and health professionals. The Acanthamoeba cysts are resistant to anti-
microbial agents, including current lens disinfection solutions, and may 
contaminate lens storage cases in asymptomatic users. Over 80% of 
cases of Acanthamoeba keratitis could be prevented by the adequate use 

of an effective disinfection system4).
Commercially available, cold contact lens disinfection solutions did 

not result in uniform killing of Acanthamoeba cysts in an assay system 
involving adherence to hydrogel lenses. Only those solutions containing 
chlorhexidine or hydrogen peroxide resulted in complete non-viability 
of the protozoa; chlorine-generating systems were completely inefficient 
in terms of their amoebicidal activity. 

Globally, Acanthamoeba keratitis is a cause for concern with out-
breaks occurring in Singapore5), Chicago, USA from 2003 to 20056). The 
number of cases in Australia has also notably risen with 9 cases reported 
from March 2006 to March 2007 compared to only 4 cases reported 
from January 2003 to February 20067). In Malaysia, the first case of 
Acanthamoeba keratitis was reported in 1995 involving a woman who 
was a long-term contact lens wearer. Although the patient had to under-
go treatment overseas, it was the wake up call to the local medical com-
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munity on the pathogenicity of Acanthamoeba8). Since then, this condi-
tion is no longer a rarity and is seen with increasing frequency especial-
ly among contact lens wearers. In 2001, 10 cases of Acanthamoeba ker-
atitis were diagnosed in Hospital Universiti Kebangsaan Malaysia 
(HUKM) alone9).

Contact lens dis infect ing systems ineffect ive a t k i l l ing 
Acanthamoeba sp. cysts and trophozoites has been identified as a major 
factor of corneal infection10). It has also been found that not all multipur-
pose contact lens disinfecting solutions are successful at killing various 
strains of Acanthamoeba sp11). The number of contact lens wearers is 
increasing both locally and globally. Since contact lens wearers are at 
higher risk of contracting Acanthamoeba keratitis compared to non-con-
tact lens wearers, an increase in number of Acanthamoeba keratitis 
cases among contact lens wearers is noted.

Commercially available contact lens disinfecting solutions are not 
required to prove its effectiveness against Acanthamoeba cysts. Hence, 
not all multipurpose solutions are successful at killing various strains of 
Acanthamoeba spp. The choice of a highly efficacious lens disinfection 
system is one factor that can improve a patient's ability to avoid expo-
sure to Acanthamoeba with minimal impact on the convenience or 
desirability of lens wear. Thus this study was carried out to evaluate the 
efficacy of Oxysept® 1-Step, a hydrogen peroxide disinfection system 
against Acanthamoeba sp. 

MATERIALS  AND  METHODS

Source of Acanthamoeba

Four clinical isolates of Acanthamoeba were used in this study and 
obtained from Acanthamoeba Lab, Faculty of Medicine, Universiti 
Kebangsaan Malaysia (Table 1). They were coded as HKL48, HTH88, 
HKL109 and HKL55 

Contact lens disinfecting solution

Oxysept® 1- Step contact lens disinfecting solution is manufactured 
by Abbot Medical Optic Inc. It is a hydrogen peroxide disinfection sys-
tem and the active ingredient is 3% hydrogen peroxide. The recom-
mended soaking time is 6 hours. 

Sub-culturing of Acanthamoeba

Agar plates containing Acanthamoeba were observed under an 
inverted microscope and suitable areas for sub-culturing were selected 
and marked with a marker pen on the outer surface of the agar plate. 
Then, agar in the marked areas were cut with a sterile surgical knife and 

transferred onto Non-Nutrient Agar face down. E. coli suspension is 
then dropped onto the agar piece, forming a straight line. The E. coli 
suspension is dropped in the middle of the agar plate to prevent the 
Acanthamoeba from growing near the sides of the petri dish. The 
Acanthamoeba was allowed to grow and encyst for 10 days. 

Preparation of Acanthamoeba cyst suspension

The method used was modified from Johnston et al. (2009)1). Cyst 
isolates were obtained after sub-culturing. Mature cysts were obtained 
by extending the incubation time until 10 days. The agar plates contain-
ing Acanthamoeba cysts were observed under an inverted microscope. 1 
ml of PAGE saline solution was pipetted onto the agar surface and 
mixed with an L-shaped rod to detach the Acanthamoeba cysts from the 
surface of the agar. This was repeated three times and the cyst suspen-
sion was pipetted into a centrifuge tube and centrifuged at 2500 rpm for 
10 minutes. The supernatant was discarded and 7 ml of PAGE saline 
solution was added to the sediment. The number of cysts is counted 
using a Neubauer Chamber. The cyst suspension used in this study was 
standardized to a concentration of 105 cysts per ml.

Testing the efficacy of contact lens disinfecting solution

The testing method used is a modification of the method used by 
Johnston et al. (2009)1). The contact lens disinfecting solution efficacy 
test was carried out using 12-well microtitre plate where 1 ml of the 
contact lens disinfecting solution was placed in each well. 100 μl of the 
cyst suspension with an approximate concentration of 1 x 105 was pipet-
ted into the wells containing contact lens disinfecting solution. The cyst 
suspension was vortexed for 30 seconds before pipetted into each well. 
The microtitre plates were covered with aluminium foil to prevent dry-
ing out and also to mimic the dark conditions of a contact lens storage 
case. All the microtitre plates were incubated at room temperature fol-
lowing the time parameters which are: manufacturer's recommended 
soaking time, 4 hours, 6 hours and 8 hours.

Positive controls and negative controls were run together with the 
test samples. Two types of positive controls were run. The first positive 
control is the cyst suspension in one ml of PAGE saline. The second 
positive control is the cyst suspension with 3% hydrogen peroxide. Two 
types of negative controls are used which are PAGE saline solution and 
contact lens disinfecting solution.

After the incubation, 100 μl of the sample was pipetted onto non-nu-
trient agar seeded with heat-killed E. coli. The agar plates were dou-
ble-sealed with parafilm to prevent it from drying out. Then, the agar 
plate was incubated at 30℃ for 3 days. The presence of Acanthamoeba 
trophozoites on the agar plate will be determined by viewing it under an 

Table 1. Isolation details of Acanthamoeba isolates.
 Isolate Source Isolation Location

 HKL48 Keratitis Hospital Kuala Lumpur
 HTH88 Keratitis Hospital Tun Hussein, Selangor
 HKL109 Keratitis Hospital Kuala Lumpur
 HKL55 Keratitis Hospital Kuala Lumpur

Table 2. Results of the effectiveness of Oxysept® 1-Step against 
Acanthamoeba isolates

Isolate (s) Soaking Time

 Manufacturers' 4 hours 6 hours 8 hours
 Recommendation 
 (6 hours)

HKL48 - - / -
HTH88 - - / -
HKL109 - - / -
HKL55 - - / -

            Key:

            + Trophozoite present (disinfection ineffective)

            -  Trophozoite absent (disinfection effective)

            / Test not carried out

Table 3. Results for controls of cyst suspension, cyst suspension 
in 3% hydrogen peroxide and PAGE saline

Isolate(s) Cyst suspension Cyst suspension PAGE
   +
   3% H2O2

HKL48 + - -
HTH88 + - -
HKL109 + - -
HKL55 + - -

      Key:

      + Trophozoite present 

      -  Trophozoite absent 

Table 4. Results for negative control of contact lens disinfecting 
solution

         Contact lens disinfecting solution Trophozoite

Oxysept® 1-Step -

             Key:

             + Trophozoite present

             -  Trophozoite absent
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inverted microscope daily for 14 days. The results of the efficacy of con-
tact lens disinfecting solution against Acanthamoeba cysts were recorded 
as positive or negative. The presence Acanthamoeba trophozoites were 
recorded as positive while their absence was recorded as negative, reflect-
ing effectiveness of the contact lens disinfecting solution.

RESULTS

Tables 2-4 show the results of the effectiveness of Oxysept® 1-Step 
contact lens disinfecting solution as anti-Acanthamoeba agent when 
tested on the 4 clinical isolates of Acanthamoeba sp. The agar plate that 
shows the presence of trophozoites after 3 days incubation was recorded 
as positive. Negative results were recorded for agar plates that did not 
show the presence of trophozoites after daily observation for 14 days.

Oxysept® 1-Step was found to be effective in inactivating the cysts 
of all Acanthamoeba isolates for all the soaking times tested. The posi-
tive control of Acanthamoeba cyst suspension for all isolates showed 
the presence of trophozoites (Table 3). The positive control of cyst sus-
pension in 3% hydrogen peroxide showed the absence of trophozoites 
(Table 3). PAGE saline used as a negative control showed no contami-
nation as well as all the contact lens disinfecting solutions used as nega-
tive controls (Table 4). The results for the controls were as expected.

DISCUSSION

The effectiveness of commercially available contact lens disinfect-
ing solutions is doubted because contact lens disinfecting solutions are 
not required to demonstrate effectiveness against Acanthamoeba. Rigid 
gas permeable type contact lens disinfecting solutions are more effec-
tive in killing Acanthamoeba cysts compared to soft lens contact lens 
disinfecting solutions12).

Oxysept® 1-Step is a one-step hydrogen peroxide system. This dis-
infecting solution contains 3% hydrogen peroxide (H2O2) which is 
known to be effective against Acanthamoeba cyts. The disinfecting 
properties of hydrogen peroxide against bacteria, fungus and 
Acanthamoeba by oxidation is well known13). However, the effective-
ness of hydrogen peroxide disinfecting system against Acanthamoeba 
cysts varies according to different isolates tested against14).

The results of this study indicate that disinfecting system using 
hydrogen peroxide is effective in inactivating Acanthamoeba cysts. The 
findings of this study is reflected by studies by Johnston et al. (2009), 
Hughes & Kilvington (2001), as well as Hiti et al. (2006)1,13,15). Hughes 
and Kilvington (2001) found that two-step hydrogen peroxide disinfect-
ing system is more effective in inactivating Acanthamoeba cysts com-
pared to one-step hydrogen peroxide disinfecting system. They also 
found that at least 6 hours is required to kill all Acanthamoeba cysts13). 
In our previous study with the same clinical isolates24), Opti-Free® 
Express failed to demonstrate anti-Acanthamoeba activity on all 4 iso-
lates while Meni Care Plus displayed partial effectiveness on isolates 
HKL48 and HTH88. Similarly, Complete® and Revita Lens OcutecTM 
were also ineffective at inactivating the same Acanthamoeba isolates 
within the testing times25). Revita Lens OcutecTM was ineffective against 
Acanthamoeba cysts despite claims as having anti-Acanthamoeba prop-
erty.

One-step hydrogen peroxide disinfecting system used in this study 
was found to be effective in inactivating the Acanthamoeba cyst after 
soaking time of 4 hours only. This is contrary to the findings of Hughes 
and Kilvington (2001). The types of isolates influence the viability of 
the Acanthamoeba cysts18). A study by Shoff et al. (2007) found varying 
sensitivities between environmental isolates of Acanthamoeba towards 
contact lens disinfecting solutions. The study also noted that isolates 
from different genotypes possess varying resistance whereby cysts from 
genotype T3, T5, and T11 were more resistant than genotype T416). 
Studies also indicate that environmental isolates of Acanthamoeba pos-
sess the potential to be pathogenic19,20).

Discrepancies in the effectiveness of contact lens disinfecting solu-
tions against Acanthamoeba cysts in this and other studies could be due 
to difference in the age of Acanthamoeba cysts used in testing. Mature 
Acanthamoeba cysts are more resistant compared to immature 
Acanthamoeba cysts21). According to a study by Hughes et al. (2003), 
Acanthamoeba cysts show increasing resistance towards contact lens 
disinfecting solutions as it ages22). 

The differing results with previous studies may also be due to method 
of cyst production which can affect the efficacy of contact lens disinfect-
ing solution towards Acanthamoeba cysts23). The active ingredients in 
contact lens disinfecting solutions are more effective when tested on 
axenically prepared Acanthamoeba cysts17). Many studies testing the 
effectiveness of contact lens disinfecting solutions against Acanthamoeba 
cysts use strains that are prepared axenically. This technique may influ-
ence the effectiveness of contact lens disinfecting solution because the 
strains are not as resistant as environmental strains due to the highly 
selective laboratory environment. Acanthamoeba that grow on contact 
lenses feed on the biofilm on the surface that includes tear film constitu-
ents like protein, mucin and bacteria. This environment is worlds apart 
from the sterile environment of the axenic system.

The differing techniques used in testing the effectiveness of contact 
lens disinfecting solution against Acanthamoeba is due to the absence of 
a standardised testing protocol. The ability of Acanthamoeba in produc-
ing numerous isolates of varying resistance is a limiting factor in the 
development of a standardised testing protocol.

CONCLUSION

Oxysept® 1- Step representing the Hydrogen peroxide based con-
tact lens disinfecting solution is a choice in preventing Acanthamoeba 
keratitis for contact lens wearers. Further testing needs to be done using 
more Acanthamoeba cyst isolates especially those originating from the 
environments. It would be very interesting to compare the sensitivity of 
clinical and environmental isolates towards contact lens disinfecting 
solutions to provide a more comprehensive data for the susceptibility 
studies. 
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