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ABSTRACT
Background: The increased risk of ocular infection and diseases especially Acanthamoeba keratitis among contact lens wear-

ers has been attributed to the increasing trend of contact lens wear over the years. Multipurpose solutions of different brands 
and types which are available commercially are the first line defence in hindering the occurrence of ocular infection and diseases 
caused by microorganisms.

Objective: This study was done to assess the ability of commercially available contact lens disinfecting solutions in restricting 
the excystment of Acanthamoeba cysts of clinical isolates based on the recommended time of soaking; 4 and 6 hours and over-
night soaking for 8 hours.

Materials and Methods: Contact lens disinfecting solution of the brand Polylab® Multipurpose Solution, Opticare 
MultimateTM and Abbott Oxysept® were tested with 2 weeks old subcultured Acanthamoeba cysts of two clinical isolates; HUKM 
74 and HS 62. The cyst suspension obtained from each isolates was mixed with the disinfecting solutions separately and cultured 
onto NNA plates seeded with heat-killed Escherichia coli and incubated at 30℃ (± 4℃). They were observed under an inverted 
microscope for 14 days to detect the presence of trophozoite as the efficacy parameter of the disinfecting solution used.

Results: Polylab® Multipurpose Solution and Opticare MultimateTM were unable to restrict the excystment of all 
Acanthamoeba isolates with evidence of trophozoites; however Abbott Oxysept® demonstrated its anti-Acanthamoeba effect, with 
no trophozoites present. This proves that Abbott Oxysept® is the better choice of contact lens disinfecting solution with regards 
to the prevention of Acanthamoeba keratitis.
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INTRODUCTION

The practice of contact lens wear eases its users by correcting vision 
without frames or glasses. Nonetheless, putting its users at risk of vari-
ous eye infections such as microbial keratitis encompassing of Bacterial 
Keratitis, Fungal Keratitis, Viral Keratitis and Acanthamoeba Keratitis 
is also one of the consequences of wearing a thin film on the cornea. Of 
all types of the corneal infections, Acanthamoeba keratitis is the most 
severe albeit rare infection caused by a free l iving amoeba; 
Acanthamoeba spp.1) This ubiquitous microorganism can be found abun-
dantly in the environment such as brackish water, swimming pool, soil 
and air conditioning units. Other than that, isolation of various strains of 
Acanthamoeba spp. was also retrieved from contact lens storage cases 
and worn contact lenses2). 

Existing in two forms; trophozoite (infective stage) and cyst (dor-
mant stage), the trophozoites possess acanthopodia aiding its motility 
whilst cysts are resistant to disinfectants, UV rays and survives at 
extreme conditions due to its double-walled characteristics (ectocyst and 
endocyst). Based on previous studies, more than 20 species of 
Acanthamoeba has been identified and classified based on cyst morphol-
ogy into three groups namely Astronyxid (Group I), Polyphagid (Group 

II) and Culbertsonid (Group III)3). Most of the pathogenic species of 
Acanthamoeba are of Group II4,5). Based on genotypical classification, 
more than 20 genotypes of Acanthamoeba have been identified through 
diagnostic fragment 3 (DF3) region of the rDNA gene. To date, 
Acanthamoeba genotypes are of T1 to T226,7). In addition, Acanthamoeba 
spp. also causes a chronic systemic infection named Granulomatous 
Amoebic Encephalitis (GAE) which often occurs in immunocompro-
mised patients or as a secondary infection among chronic disease 
patients.

Keratitis refers to corneal infection that leads to inflammation and 
corneal ulceration. Acanthamoeba keratitis leads to severe sight threat-
ening consequence if left untreated8,9). Due to the fact that this ocular 
infection is often misdiagnosed as a bacterial or viral infection, the 
treatment prescribed usually does not help with its prognosis10,11). A num-
ber of risk factors such as exposure to contaminated water, non-compli-
ance to the standard hygiene regiment and microinjury of the cornea 
increase the adherence of Acanthamoeba to the corneal layer which pro-
duces extracellular proteases and thus corroding the corneal layer10,12).

Globally, a number of cases and outbreaks of Acanthamoeba kerati-
tis have been recorded. The incidence rate in the United States is 0.15 
per million populations and 1.4 per million populations of the United 
Kingdom13). The National outbreak surveillance by CDC indicated there 
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were increasing cases of Acanthamoeba keratitis in 2004-2006 whereby 
88% of the infected patients were soft contact lens users8). The latest 
studies conducted also recorded a significant increase in numbers of 
Acanthamoeba keratitis patients in Australia, New Zealand and China 
where Acanthamoeba keratitis accounts for 90% of the cases1,14). In 
Malaysia, the first Acanthamoeba keratitis case was reported involving 
a female contact lens wearer15). In 2001, 10 cases were diagnosed in 
Hospital Universiti Kebangsaan Malaysia (HUKM) alone and this indi-
cates that Acanthamoeba keratitis is no longer a rarity in Malaysia11).

Since Acanthamoeba keratitis is largely associated with contact lens 
users, the role of contact lens disinfecting agent is crucial in preventing 
all sorts of microbial infections. A number of previous studies disputed 
the inefficiency of some contact lens disinfecting solution towards vari-
ous isolates and strains of Acanthamoeba16-19). Thus, this has raised the 
doubt on the effectiveness of the currently available contact lens disin-
fecting solutions. In accordance to it, this study was conducted to evalu-
ate the efficacy of commercially available contact lens disinfecting solu-
tion in Malaysia towards Acanthamoeba of clinical isolates.

MATERIALS  AND  METHODS

Acanthamoeba isolates

Two clinical isolates (HUKM 74 and HS 62) of Acanthamoeba were 
obtained from the Acanthamoeba Culture Laboratory, Department of 
Parasitology, Faculty of Medicine, Universiti Kebangsaan Malaysia 
(Table 1). These isolates were retrieved from corneal scraping of two 
contact lens wearer.

Contact lens disinfecting solution

Three brands of contact lens disinfecting solutions were obtained 
from a local pharmacy. Two multipurpose solutions (MPS) are Polylab® 
MultipurposeTM Solution and Opticare Multimate and a hydrogen perox-
ide (H2O2) disinfecting system solution, Abbott Oxysept® (Table 2). All 
solutions were tested before their expiry dates.

Acanthamoeba sub-cultures

This method used was adapted from the filtration-culture technique 
by Narasimhan et al . (2002)20). Clinical specimens containing 
Acanthamoeba were cultured on Non Nutrient Agar (NNA). The agar 
plates were observed under an inverted light microscope and the region 
of the agar containing trophozoites and some cysts is marked with a 
marker pen on the Petri dish surface. The marked areas of the agar were 
then cut with a sterile surgical knife and transferred facing downwards 
to another NNA plate. Heat killed E. coli suspension was dropped at the 
middle of the agar plate. The monoxenic sub-culture was allowed to 
grow and encyst for 11 days.

Acanthamoeba cyst suspension preparation

Using the modified method of Narasimhan et al. (2002)20), the agar 
plates containing matured cysts after 11 days of culture was observed 
under the inverted light microscope. 1 ml of Page Amoebic Saline 
(PAS) solution was pipetted onto the agar surface and gently scraped 
using a wire loop. This process was repeated for three times per each 
agar to ensure complete detachment of Acanthamoeba cysts from the 
agar. The suspension was then collected in a centrifuge tube and centri-
fuged at 2500 rpm for 10 minutes. The supernatant was discarded and 7 
ml of PAS solution was added to the sediment. The number of cysts 
were obtained using Neubauer chamber. The cyst suspensions were 
standardized to a concentration of 1x105 cysts per ml.

Contact lens disinfecting solution efficacy test

This testing method used is a modification of the method used by 
Narasimhan et al. (2002)20). This test was carried out in a 24-well micro-
titer plate where 1 ml of contact lens disinfecting solution was pipetted 
into each wells and 10 μl of 1x105 cysts per ml suspension of each iso-
lates were added. The microtiter plate was sealed with aluminium foil to 
mimic the dark environment in a contact lens storage case and incubated 
at room temperature for 3 time points consisting of 4 and 6 hours (man-
ufacturers recommended time of soaking) and 8 hours (overnight soak-
ing).

Control tests were carried out together with the contact lens solution 
testing. Positive control consists of two sets where Acanthamoeba cyst 
suspensions were mixed with PAS solution and 3% H2O2 separately. 
This is to assess the viability of the Acanthamoeba isolates. Negative 
control consists of PAS solution and the three contact lens disinfecting 

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

HUKM 74 21st February 2017 Keratitis patient Hospital Universiti Kebangsaan Malaysia
HS 62 31st January 2013 Keratitis patient Private hospital in Malaysia

Table 2. Contact lens disinfecting solutions details.
Brand  Manufacturer Disinfection  Type of  Recommended Active ingredient
  system contact lens duration of soaking

Polylab® Multipurpose   Polylab Biotech Sdn. Bhd. MPS Soft 4 hours Polyhexanide (PHMB)
Solution
Opticare MultimateTM Excel Pharmaceutical Sdn. Bhd. MPS Soft 4 hours 0.0005% PHMB
Abbott Oxysept® Abbott Medical Optics Inc. One-step  Soft 6 hours 3% H2O2

  Hydrogen 
  Peroxide

             Key:

             H2O2  Hydrogen peroxide

             MPS  Multipurpose solution

             PHMB  Polyhexamethylene biguanide 

Table 3. Efficacy of contact lens disinfecting solu-
tions on clinical Acanthamoeba isolates.

Contact lens  Isolates and their duration of 
disinfecting soaking (hours)

solutions  HUKM 74   HS 62

 4 6 8 4 6 8

Polylab® Multipurpose  + + + + + +
Solution
Opticare MultimateTM

 + + + + + +
Abbott Oxysept® - - - - - -

Key:

+  Presence of Acanthamoeba trophozoites and cysts signifying 

the inefficiency of the solution

-  Absence of Acanthamoeba trophozoites 
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solution alone, separately. This is to assess whether the solutions used 
are free of contamination. 

After incubation at the three time points, 100 μl of the sample is 
pipetted onto NNA plates seeded with heat-killed E. coli. The plates 
were then sealed with parafilm to prevent contamination and dessica-
tion. After 3 days of incubation at 30℃ (± 4℃), the agar plates were 
observed under an inverted light microscope for 14 days to detect the 
presence of trophozoite. 

Acanthamoeba cysts grouping

The two clinical isolates of Acanthamoeba were grouped based on 
their average cysts morphology following Pussard and Pons (1977)3) 
classification. NNA plates containing sub-cultured Acanthamoeba were 
observed under the inverted light microscope. Area containing cysts 
were marked with a marker pen on the Petri dish surface. Two to three 
drops of PAS solution was dropped onto the marked region of the agar 
and gently scraped using a wire loop. Using a fishing technique, the sus-
pension was smeared onto a glass microscopic slide and stained with 
0.01% methylene blue stain using the wire loop. Coverslip was mounted 
onto the wet smear and the slide was observed under Leica DMR Image 
Analyzer Phase Contrast microscope. 

RESULTS

Based on the cyst morphology, both clinical isolates were identified 
to be of group II (Polyphagid). Cyst diameter was of 14-15 μm and pos-
sesses 6-7 arms, apart from having wrinkled ectocysts and polygonal 
shaped endocysts.

Table 3 shows the results of the efficacy of the three contact lens 
disinfecting solution towards two clinical isolates of Acanthamoeba. 
The efficacy of the contact lens disinfecting solution is determined by 
the presence of a single Acanthamoeba trophozoite after the 3 days of 
incubation. Positive results indicate presence of trophozoites, signifying 
the inefficiency of the solution and vice versa for negative results. Both 
Polylab® Multipurpose Solution and Opticare MultimateTM did not pos-
sess the anti-Acanthamoeba property towards HUKM 74 and HS 62, as 
seen by the presence of trophozoites at all three time points. On the 
other hand, Abbott Oxysept® was able to exhibit its anti-Acanthamoeba 
effect towards both of the clinical isolates, as seen by the complete 
absence of Acanthamoeba trophozoites after immersion of 4, 6 and 8 
hours.

Tables 4 and 5 show the results of the positive and negative con-
trols. From the positive control, both of the isolates were viable in PAS 
solution where excystment of cysts resulted in trophozoites presence. 
On the other hand, both of the isolates were not viable in 3% H2O2. 
From the negative control, all solutions used in this test were free of 
contaminations, evident by the absence of both trophozoites or cysts of 
Acanthamoeba.

DISCUSSION

As for contact lens wearers, compliance to the standard contact lens 
hygiene practice and proper disinfection prevents the growth of micro-
organisms such as bacteria and fungi, also reducing the food source for 
protozoa such as Acanthamoeba. Hence, multipurpose solution serves a 
main medium in contact lens care and shielding its users from ocular 
infections caused by microorganisms through contact lens wear. The 
ideal contact lens disinfecting solution should have anti-microbial and 
also anti-Acanthamoeba properties, that is able to kill or stop the growth 

of microorganisms and at the same time posing no harm to the human 
eye21,22).

Both Polylab® Multipurpose Solution and Opticare MultimateTM 
share a similarity in efficacy test results and also contained polyhexam-
ethylene biguanide (PHMB) or also known as polyhexanide as their 
active ingredients for disinfection. In this study, 0.0005% of PHMB 
were found to be ineffective towards the two clinical Acanthamoeba 
isolates even at their manufacturers' recommended duration of soaking. 
These findings were in concert with several previous studies conducted 
whereby PHMB of 0.0001-0.0005% which are the common concentra-
tion in contact lens solution were not effective against various iso-
lates16,22-24). However, there were few studies showed positive results of 
0.0005% PHMB towards certain types of Acanthamoeba isolates and 
species17). A study done by Yanai et al. (2006)25) demonstrated that 
PHMB at a concentration of 0.02% and below was found to be cytotox-
ic to the human corneal epithelium (HCE) cells despite being able to 
achieve log reduction in Staphylococcus aureus and Candida albicans. 
On the other hand, combined action of PHMB and Chlorhexidine at 
0.04% respectively proven effective against Acanthamoeba spp. with 
improved viability of HCE and human umbilical vein endothelial cells 
(HUVEC)26). The similarity in this study's findings to some of the stud-
ies conducted in Malaysia shown that most of the clinical isolates of 
Acanthamoeba in Malaysian hospitals are not susceptible to 0.0005% 
PHMB.

Abbott Oxysept® managed to prove its anti-Acanthamoeba effect as 
claimed on its packaging according to its recommended time of soaking. 
Hydrogen peroxide disinfecting system has been proven to be effective 
towards various isolates of Acanthamoeba sp whereby 3% is the gold 
standard for restricting the excystment of Acanthamoeba cysts into tro-
phozoites and also halting its reproduction. In this disinfecting system, 
there are two crucial steps; disinfection and neutralization which are 
needed to be carried out in-vitro and not in-vivo. This is due to the fact 
that H2O2 is toxic to mammalian cells27). Adequate disinfection period 
influences the performance of H2O2 towards microorganisms and neu-
tralization of it is to avoid exposure of H2O2 to the eye. A number of 
studies done previously discovered that one-step Abbott Oxysept® has a 
partial cysticidal effect towards Acanthamoeba castellanii19,28) and also 
unable to achieve total kill within the recommended duration of soak-
ing24,29). This is because due to its 'one-step' property, the disinfection 
activity and neutralization of H2O2 goes on simultaneously and thus lim-
ited time is available for its active molecules to react and penetrate the 
cell surface membrane of Acanthamoeba.

The variation of the results obtained from this study as compared to 
several other studies could be due to the existence of diverse isolates of 
Acanthamoeba with different resistance towards certain disinfectants, 
differences in Acanthamoeba culturing techniques, not forgetting the 
absence of a standard efficacy testing for contact lens solutions. Many 
commercially available contact lens disinfecting solutions does not pos-
sess anti-Acanthamoeba effect because manufacturers are not required 
to prove their products efficacy towards Acanthamoeba sp. according to 
the ISO 14729 (Microbiological Requirements and Test Methods for 
Products and Regimens for Hygienic Management of Contact Lenses)30) 
in which they are only needed to achieve log 3 reduction in 
Pseudomonas aeruginosa, S. aureus and Serratia marcescens and log 1 
reduction in Fusarium solani and C. albicans.

CONCLUSION

Polylab® Multipurpose Solution and Opticare MultimateTM are not 
suitable to be used by contact lens users as a protection against 

Table 4. Results of positive control
Isolates  Cyst suspension in PAS  Cyst suspension in 3% 
 solution H2O2

HUKM 74 + -
HS 62 + -

Key:

+  Presence of Acanthamoeba cysts and trophozoites indicating its viability

-  Absence of Acanthamoeba trophozoites

Table 5. Results of negative control
Solutions Negative control

Page's amebic saline (PAS) -
Polylab® Multipurpose Solution  -
Opticare MultimateTM

Oxysept®  -

       Key:

+  Presence of Acanthamoeba trophozoites and cysts signifies contamination 

of solution 

-  Absence of Acanthamoeba trophozoites and cysts
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Acanthamoeba keratitis since they were unable to kill or inhibit the 
excystment of the two clinical isolates of Acanthamoeba according to 
their recommended duration of soaking. Abbott Oxysept® on the other 
hand managed to manifest its anti-Acanthamoeba effect even within 2 
hours earlier than its recommended time. Hence, HUKM 74 and HS 62 
are susceptible to 3% H2O2 but not to 0.0005% PHMB. It is advisable to 
conduct a comparison study of the effectiveness of contact lens disin-
fecting solutions between clinical and environmental isolates of 
Acanthamoeba in the future studies, and also testing contact lens solu-
tion consisting of a combined active ingredients such as PHMB and 
Chlorhexidine, apart from molecular genotyping and species identifica-
tion of Acanthamoeba from each isolates.
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