
INTRODUCTION

Acanthamoeba is a ubiquitous free-living amoeba and is responsible 
for an uncommon yet increasingly diagnosed keratitis in humans. Apart 
from water, soil and air, this parasite has also been isolated from contact 
lens, contact lens storage cases and contact lens solutions1). Therefore it 
can be safely assumed that exposure to Acanthamoeba is common, 
especially in dusty conditions or on exposure to environmental water2). 

Acanthamoeba keratitis (AK) is a potentially devastating infection 
of the cornea, which if left untreated will result in partial vision loss as 
well as blindness. In Malaysia, the first case of Acanthamoeba keratitis 
was reported in 1995 involving a woman who was a long-term contact 
lens wearer3). Although the patient had to undergo treatment overseas, it 
was the wake up call to the local medical community on the pathogenic-
ity of Acanthamoeba. Since then, this condition is no longer a rarity and 
is seen with increasing frequency especially among contact lens wear-

ers. In 2001, 10 cases of AK were diagnosed at Hospital Universiti 
Kebangsaan Malaysia (HUKM) alone4). In 2003, another 11 cases of AK 
were reported from the same hospital5). 

Globally, AK is a cause for concern and an increase in the number of 
contact lens users with AK is reported with the number of cases gradually 
increasing since 20056-8). The increasing incidence of AK among contact 
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Results: Complete® and Revita Lens OcutecTM were ineffective at inactivating the Acanthamoeba cysts within the testing 
times. Revita Lens OcutecTM was ineffective against Acanthamoeba cysts despite claims as having anti-Acanthamoeba property. 
Most commercially available contact lens disinfecting solutions are ineffective as anti-Acanthamoeba agents. 

KEY  WORDS
Acanthamoeba, environmental isolates, contact lens disinfecting solutions, Malaysia

Received on February 1, 2019 and accepted on June 21, 2019
1) Biomedical Science Programme, Faculty of Health Sciences, Universiti Kebangsaan Malaysia  
 Jalan Raja Muda Abdul Aziz 50300 Kuala Lumpur, Malaysia
2) Department of Parasitology, Faculty of Medicine, Universiti Kebangsaan Malaysia
 50300 Jalan Raja Muda Abdul Aziz Kuala Lumpur, Malaysia. 
3) Bacteriology Division, Institute for Medical Research
 50588 Jalan Pahang, Kuala Lumpur, Malaysia
Correspondence to: Mohamed Kamel Abd Ghani
(e-mail: mohamedkamela@yahoo.com)

44

   C   2020 Japan Health Sciences University
             & Japan International Cultural Exchange Foundation

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

 TTT8 17/4/2012 Soil Tanjung Tuan, Melaka
 TKA14 17/4/2012 Sea water Teluk Kemang, Negeri Sembilan
 TTT1 17/4/2012 Soil Tanjung Tuan, Melaka
 TTA1 17/4/2012 Sea water Tanjung Tuan, Melaka
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lens wearers has necessitated the evaluation and development of potential 
therapeutic agents and contact lens disinfectants active against the resis-
tant cyst stage of the organism. Disinfection is fundamental to safe con-
tact lens use and, hence, the prevention of infection9). Therefore contact 
lens disinfecting solutions (clds) effective at killing Acanthamoeba organ-
isms are important in preventing corneal infection10). It has also been 
found that not all multipurpose clds are successful at killing various 
strains of Acanthamoeba sp.11). Moreover, commercially available contact 
lens disinfecting solutions are not required to prove its effectiveness 
against Acanthamoeba cysts.

This study was undertaken to try to gain insight into how commer-
cial clds affect the cysts of environmental isolates of Acanthamoeba and 
to evaluate its anti-Acanthamoeba properties.

MATERIALS  AND  METHODS

Source of Acanthamoeba
Four environmental isolates of Acanthamoeba were used in this 

study and obtained from Acanthamoeba Lab, Faculty of Medicine, 
Universiti Kebangsaan Malaysia (Table 1). The environmental isolates 
were coded as TTT8, TKA14, TTT1 and TTAI.

Contact lens disinfecting solution (clds)
Two brands of contact lens disinfecting solutions were obtained 

from a pharmacy. The contact lens disinfecting solution (clds) brands 
used in this research were: Complete® Multi Purpose Solution and 
Revita Lens OcutecTM (Table 2).

Sub-culturing Acanthamoeba
Agar plates containing Acanthamoeba were observed under an 

inverted microscope and allowed to grow and encyst for 11 days. The 
method used was modified from Johnston et al. (2009)12).

Preparation of Acanthamoeba cyst suspension
The method used was modified from Johnston et al. (2009)12). Cyst 

isolates were obtained after sub-culturing. Mature cysts were obtained 

by extending the incubation time until 10 days. The agar plate 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 
(clds)

The testing method used is a modification of the method used by 
Johnston et al. (2009)12). The clds efficacy test was carried out using 
12-well microtitre plate where 1 ml of the contact lens disinfecting solu-
tions was placed in each well. 100 μl of the cyst suspension with an 
approximate concentration of 1 x 105 was pipetted into the wells con-
taining clds. The cyst suspension was vortexed for 30 seconds before 
pipetted into each well. All the microtitre plates were incubated at room 
temperature following the time parameters which are: manufacturer's 
recommended soaking time, 4 hours, 6 hours and 8 hours. Positive con-
trols 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 con-
trols are used which are PAGE saline solution and clds. 

After the incubation, 100 μl of the sample was pipetted onto 
non-nutrient agar seeded with heat-killed E. coli. Then, the agar plate 
was incubated at 30℃ for 3 days. The presence of Acanthamoeba tro-
phozoites on the agar plate will be determined by viewing it under an 
inverted microscope daily for 14 days. The results of the efficacy of clds 
against Acanthamoeba cysts were recorded as positive or negative. The 
presence Acanthamoeba trophozoites were recorded as positive in 
which excystation takes place indicating ineffectiveness of the disinfect-
ing solution. The absence of Acanthamoeba trophozoites was recorded 
as negative indicating that excystation fails to take place and that the 
disinfecting solution is effective.

Table 2. CLDS tested and their ingredients with the recommended soaking time and type of disinfection system.
 Brand Manufacturer Disinfection system Type of contact lens Recommended soaking time  Active ingredient (s)

 Complete® Multi  Abbot Medical  MPS Soft 6 hours 0.0001% polyhexamethylene biguanide
 Purpose Solution Optics Inc 

 Revita Lens  Abbot Medical  MPS Soft 6 hours 0.003% polyquaternium-1 0.00016% 
 OcutecTM Optics Inc    alexidine dihidrochloride

Table 3. Effectiveness of Complete® clds against 
Acanthamoeba isolates

  Isolate(s)  Soaking Time

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

TTT8 + + / +
TKA14 + + / +
TTT1 + + / +
TTA1 + + / +

 Key:

 + Trophozoite present (clds not effective)

 -  Trophozoite absent (clds effective)

 / Test not carried out

Table 4. Effectiveness of Revita Lens OcutecTM clds against 
Acanthamoeba isolates

  Isolate(s) Soaking Time

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

TTT8 + + / +
TKA14 + + / +
TTT1 + + / +
TTA1 + + / +

 Key:

 + Trophozoite present (clds not effective)

 -  Trophozoite absent (clds effective)

 / Test not carried out
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RESULTS

Table 3 to Table 4 shows the results of the effectiveness of the two 
brands of clds as anti-Acanthamoeba agents when tested on the 4 iso-
lates of Acanthamoeba sp. The agar plate that shows the presence of tro-
phozoites 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.

The disinfecting solutions Complete® and Revita Lens OcutecTM 
were found to be ineffective in inactivating all 4 Acanthamoeba cyst 
isolates in the recommended soaking time of 6 hours and also soaking 
time of 4 hours and 8 hours.

The positive control of Acanthamoeba cyst suspension for all 4 iso-
lates showed the presence of trophozoites. The positive control of cyst 
suspension in 3% hydrogen peroxide showed the absence of tropho-
zoites. PAGE saline used as a negative control showed no contamination 
as well as all the clds used as negative controls. The results for the con-
trols were as expected.

DISCUSSION

The effectiveness of commercially available clds is doubted because 
contact lens disinfecting solutions are not required to demonstrate effec-
tiveness against Acanthamoeba.

Complete® disinfecting solution contains PHMB as an active ingre-
dient at a concentration of 0.0001%. Complete® disinfecting solution is 
ineffective against all Acanthamoeba environmental cyst isolates in this 
study. This finding is consistent with our previous study (Mohamed 
Kamel et al. 2016a)13) where Complete® fails to show any cysticidal 
effect on a clinical isolate of Acanthamoeba castellani. Complete® also 
failed to show any cysticidal effect on all four clinical isolates tested in 
our later study (Mohamed Kamel et al. 2016b)14). This is probably 
because of the PHMB concentration in this disinfectant is well below 
the MCC value. The mean MCC value for PHMB tested on both clinical 
and environmental Acanthamoeba isolates in Malaysia is 2.848 ug/ml 
(Noradilah et al. 2010)15). A study by Shoff et al. (2007)16) also found 
Complete® ineffective against Acanthamoeba cysts. The therapeutic 
dose of PHMB used in the treatment for Acanthamoeba keratitis is 
much higher at 0.02% as topical application.

PHMB is an active ingredient found in many contact lens disinfect-
ing solutions and is from the same pharmaceutical family as chlorhexi-
dine. Chlorhexidine is effective against Acanthamoeba cysts15). PHMB 
kills microbial organisms via membrane dysfunction17). Previous studies 
by Silvany et al. (1990)18) and Kilvington (1990)19) found PHMB ineffec-
tive against Acanthamoeba cysts. However, PHMB is effective in the 
treatment of Acanthamoeba keratitis20).

Revita Lens OcutecTM disinfecting solution contains polyquaterni-
um-1 0.003% and alexidine dihydrochloride 0.00016%. This disinfect-
ing solution is marketed as anti-Acanthamoeba. This claim is based on a 
study by Kilvington et al. (2010) that found Revita Lens OcutecTM effec-
tive in killing Acanthamoeba trophozoites21). However, Revita Lens 
OcutecTM disinfecting solution was found to be ineffective against 
Acanthamoeba cysts in this study. This finding is consistent with our 
previous study where it also failed to show any cysticidal effect on all 
four clinical isolates tested (Mohamed Kamel et al. 2016b)14). Revita 
Lens OcutecTM was also ineffective at killing all four Acanthamoeba cyst 
isolates tested in our study in 201522). The ineffectiveness of polyquad 
against Acanthamoeba cysts was also observed in studies by Zanetti et 
al. (1995)10) and Silvany et al. (1991)23).

The types of isolates influence the viability of the Acanthamoeba 
cysts24). A study by Shoff et al. (2007)16) 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 that genotype T416). Studies also indi-
cate that environmental isolates of Acanthamoeba possess the potential 
to be pathogenic25,26). The varying effectiveness of the clds against the 
Acanthamoeba isolates could also be due to the differing groups of cysts 
used in this study.

Discrepancies in the effectiveness of clds against Acanthamoeba 
cysts in this study 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 cysts27). According 
to a study by Hughes et al. (2003)9), Acanthamoeba cysts show increas-

ing resistance towards clds as it ages. 
The differing results with previous studies may also be due to meth-

od of cyst production which can affect the efficacy of contact lens disin-
fecting solution towards Acanthamoeba cysts28). The active ingredients 
in clds are more effective when tested on axenically prepared 
Acanthamoeba cysts23). Many studies testing the effectiveness of clds 
against Acanthamoeba cysts use strains that are prepared axenically. 
This technique may influence the effectiveness of clds 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 clds 
against Acanthamoeba is due to the absence of a standardised testing 
protocol. The ability of Acanthamoeba in producing numerous isolates 
of varying resistance is a limiting factor in the development of a stan-
dardised testing protocol.

CONCLUSION

Complete® and Revita Lens OcutecTM were ineffective at inactivat-
ing the Acanthamoeba cysts within the testing times. Most commercial-
ly available clds are ineffective as anti-Acanthamoeba.agents. Soaking 
time recommended by the manufacturers is found to be ineffective in 
inactivating most of the Acanthamoeba cyst isolates tested. Further test-
ing needs to be done using other brands of clds on more Acanthamoeba 
cyst isolates. Besides that, it s also reccomended to compare the sensi-
tivity of clinical isolates and environmental isolates towards clds due to 
the insufficient data for Malaysian isolates.
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