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ABSTRACT
Introduction: Contact lens wearing is the main risk factor for keratitis caused by Acanthamoeba. The use of contact lens dis-

infecting solutions that reliably kill Acanthamoeba trophozoites and cysts is of great importance in preventing the disease. 
However, the effectiveness of commercially available contact lens disinfecting solutions (clds) as anti-Acanthamoeba is doubtful. 

Objective: This study investigates the effectiveness of Meni Care Plus & Opti-Free® Express® contact lens disinfecting solu-
tions against environmental isolates of Acanthamoeba cysts, 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℃). Two brands of commercially available clds; Meni Care Plus & Opti-Free® Express® were used to deter-
mine their effectiveness as anti-Acanthamoeba agents. Cyst suspensions of the isolates were exposed to each contact lens disin-
fecting solution 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 seeded with E. coli at 30℃ (± 2℃) and 
observed daily for 14 days under an inverted microscope to detect the presence of trophozoites. 

Results: Meni Care Plus was only successful at inactivating the cysts of one of the four isolates after soaking for 8 hours. 
Opti-Free® Express® was ineffective at inactivating all the Acanthamoeba cysts within the testing times. 

Conclusion: Meni Care Plus displayed partial effectiveness as anti-Acanthamoeba while Opti-Free® Express® was ineffec-
tive at inactivating all isolates of Acanthamoeba cysts. Further testing needs to be done using other brands of contact lens disin-
fecting solutions on more Acanthamoeba cyst isolates. 
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INTRODUCTION

Acanthamoeba is a free living amoeba found in soil, water and air 
and has also been isolated from contact lens, contact lens storage cases 
and contact lens solutions1,2). The Acanthamoeba cyst may remain viable 
for up to 25 years and is resistant to temperature changes as well as to 
most disinfectants at working concentration3,4). 

Acanthamoeba can cause severe keratitis of the eye, that mostly 
affects contact lens wearers that results in corneal ulcer, partial vision 
loss as well as blindness. Substandard contact lens hygiene is a major 
risk factor for this condition where contact lens storage cases contami-
nated with micro-organisms are optimal for Acanthamoeba sp. growth. 
The trophozoites and cysts can transfer onto the eye leading to kerati-
tis5).

Acanthamoeba keratitis (AK) is a cause for concern globally with 

many countries such as Singapore6) and Australia8) reporting an 
increased in the number of cases. An outbreak of AK occurred in 
Chicago, USA from 2003 to 20057). In Malaysia, the first case of AK 
was reported in 1995 involving a woman who was a long-term contact 
lens wearer. Although the patient had to undergo treatment overseas, it 
was the wake up call to the local medical community on the pathogenic-
ity of Acanthamoeba9). Since then, this condition is no longer a rarity 
and is seen with increasing frequency especially among contact lens 
wearers. In 2003, 11 new cases of AK were diagnosed from 4 hospitals 
in Kuala Lumpur10).

Contact lens disinfecting system (clds) ineffective at killing 
Acanthamoeba sp. cysts and trophozoites has been identified as a major 
factor of corneal infection11). It has also been found that not all multipur-
pose clds are successful at killing various strains of Acanthamoeba sp.12)

The number of contact lens wearers is increasing both locally and 
globally. Since contact lens wearers are at higher risk of contracting AK 
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compared to non-contact lens wearers, an increase in number of AK 
cases among contact lens wearers is noted.

According to a study by Tzanetou et al. 2006, contact lens disinfect-
ing system ineffective at killing Acanthamoeba cysts and trophozoites is 
a major factor of corneal infection11). Commercially available clds are 
not required to prove its effectiveness against Acanthamoeba cysts. 
Hence, not all multipurpose solutions are successful at killing various 
strains of Acanthamoeba spp. This study was carried out due to the 
doubts that exist over the effectiveness of commercially available clds 
as anti-Acanthamoeba agents.

MATERIALS  AND  METHODS

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

study and obtained from Acanthamoeba Lab, Dept of Parasitology, 
Faculty of Medicine, Universiti Kebangsaan Malaysia (Table 1). They 
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 clds brands used in this study were Meni Care 
Plus and Opti-Free® Express® (Table 2).

Sub-culturing Acanthamoeba
Acanthamoeba was cultured on Non-Nutrient Agar seeded with 

Escherichia coli and 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 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 clds
The testing method used is a modification of the method used by 

Johnston et al. (2009)1). The clds efficacy test was carried out using 
12-well microtitre plate where 1 ml of the clds was placed in each well. 
100 μl of the cyst suspension with an approximate concentration of 1 x 
105 cysts/ml was pipetted into the wells containing contact lens disin-
fecting solutions. 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: manufac-
turer's recommended soaking time, 4 hours, 6 hours and 8 hours (repre-
senting over night soaking).

Positive and negative controls were run together with the test sam-
ples. 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 clds. 
After the incubation, 100 μl of the sample was pipetted onto non-nutri-
ent agar seeded with heat-killed E. coli and incubated at 30℃ for 3 
days. The presence of Acanthamoeba trophozoites on the agar plate was 
determined by viewing it under an inverted microscope daily for 14 
days. The results of the efficacy of contact lens disinfecting solutions 
against Acanthamoeba cysts were recorded as positive or negative. The 
presence Acanthamoeba trophozoites were recorded as positive while 
the absence of Acanthamoeba cysts was recorded as negative.

Table 2. CLDS tested and their Pharmaceutical Details
 Brand Manufacturer Disinfection Type of  Recommended Active

   system contact lens soaking time ingredient (s)

 Opti-Free® Alcon    0.001% 

 Express® Laboratories MPS Soft 6 hours polyquaternium-1

  Inc    0.0005% 

      myristamidopropy

      l dimethylamine

 
Meni Care

  
Menicon 

  
Rigid Gas 

  0.0005% 

 
Plus

 
Pharma

 MPS 
Permeable

 5 minutes polyhexamethylene

      biguanide

Table 1. Isolation details of Acanthamoeba iso-
lates.

 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

Table 3. Effectiveness of Meni Care Plus CLDS against 
Acanthamoeba isolates

Isolate(s) Date  Soaking Time

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

TTT8 18/12/2013 + + + +
TKA14 18/12/2013 + + + +
TTT1 21/12/2013 + + + +
TTA1 21/12/2013 + + + -

Key:

+ Trophozoite present (clds not effective)

- Trophozoite absent (clds effective)

Table 4. Effectiveness of Opti-Free® Express® CLDS against 
Acanthamoeba isolates

Isolate(s) Date  Soaking Time

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

TTT8 18/12/2013 + + / +
TKA14 18/12/2013 + + / +
TTT1 21/12/2013 + + / +
TTA1 21/12/2013 + + / +

Key:

+ Trophozoite present (clds not effective)

- Trophozoite absent (clds effective)

/ Test not carried out
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RESULTS

Tables 3 and 4 show the results of the effectiveness of the two 
brands of clds as anti-Acanthamoeba agents when tested against the 4 
environmental isolates of Acanthamoeba spp. The agar plates that 
showed the presence of trophozoites after incubation were recorded as 
positive. Negative results were recorded for agar plates that did not 
show the presence of trophozoites after daily observation for 14 days 
denoting effectiveness of the clds.

Meni Care Plus disinfecting solution had only successfully inacti-
vated one of the four environmental strains tested, TTA1. Cysts of iso-
late TTA1 was killed after soaking time of 8 hours. Meni Care Plus was 
found to be ineffective against the cysts of the other isolates, TTT8, 
TKA14 & TTT1. The manufacturers' recommended soaking time of 5 
minutes was generally found to be ineffective at inactivating the cysts.

The disinfecting solution Opti-Free® Express® was found to be 
ineffective at inactivating all the 4 Acanthamoeba cyst isolates in the 
recommended soaking time of 6 hours and also soaking time of 4 hours 
and 8 hours.

The results of the positive and negative controls were as expected.

DISCUSSION

As the number of AK cases increases, the need to find clds that are 
effective against Acanthamoeba becomes more urgent. In this study 
environmental isolates were selected because they represent potential 
causative agents of disease in a very common and universal exposure, 
the soil and sea water. Generally, the rigid gas permeable type clds are 
more effective in killing Acanthamoeba cysts compared to soft lens 
clds13).

Meni Care Plus disinfecting solution displayed effectiveness in only 
one Acanthamoeba isolate, TTA1, but failed in the other 3 isolates. The 
active ingredient in this disinfecting solution is 0.0005% polyhexameth-
ylene biguanide (PHMB). The minimum cysticidal concentration 
(MCC) of PHMB is 2.848 μg/ml15). The concentration of PHMB in Meni 
Care Plus is higher than the MCC value and should therefore possess 
the ability to inactivate Acanthamoeba cysts. The findings are consistent 
with studies by Hiti et al. (2002) and Hiti et al. (2006) that observe the 
efficacy of Meni Care Plus in inactivating the cysts of one out of three 
Acanthamoeba species tested5,14). However, it fails to inactivate 3 other 
environmental isolates of Acanthamoeba which could have developed 
resistance. In our previous study (2018), Meni Care Plus had successful-
ly inactivated two clinical isolates, HKL48 and HTH88 after soaking 
time of 4 hours, 6 hours and 8 hours29).

The active ingredients in Opti-Free® Express® disinfecting solu-
tion are 0.001% polyquaternium-1 and 0.0005% myristamidopropyl 
dimethylamine. Myristamidopropyl dimethylamine is reported to be 
effective against Acanthamoeba cysts17). The mechanism of action of 
myristamidopropyl dimethylamine is not fully understood, but it is 
believed to cause damage to cellular membrane by binding to the cell 
wall, leading to loss of important cell components18). Opti-Free® 
Express® was found to be ineffective in this study, probably due to the 
concentration of myristamidopropyl dimethylamine lower than the 
MCC value between 6.25 μg/ml to 25 μg/ml19). This is consistent with 
our previous findings (2018) whereby it fails to inactivate all 4 clinical 
isolates of Acanthamoeba tested29). Earlier before (2016)30) we also found 
that Opti-Free® Express® showed no effect on Acanthamoeba castel-
lani cysts despite of the claims that the solution kills Acanthamoeba.

The ineffectiveness of Opti-Free® Express® demonstrated in this 
study is mirrored in studies by Johnston et al. (2009)1) as well as 
Mowrey-McKee & George (2007)20). It should be noted that Shoff et al. 
(2007) observed the ability of Opti-Free® Express® disinfecting solu-
tion in reducing the number of viable Acanthamoeba cysts16). Borazjani 
& Kilvington (2005) observed that Opti-Free® Express® was effective 
in killing Acanthamoeba trophozoites21). Rosenthal et al. (2000) discov-
ered that the combination of polyquad and myristamidopropyl dimethyl-
amine can increase the Acanthamoeba killing activity22). Buck et al. 
(2005) reported that contact lens disinfecting solutions containing poly-
quaternium-1 and myristamidopropyl dimethylamine were successful in 
reducing the number of viable Acanthamoeba cysts, but was unable to 
kill all the Acanthamoeba cysts23).

The types of isolates influence the viability of the Acanthamoeba 
cysts24). In this study, it is observed that the environmental isolates are 
more resistant than the clinical isolates. 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 resis-
tance whereby cysts from genotype T3, T5, and T11 were more resistant 
that genotype T416). Studies also indicate that environmental isolates of 
Acanthamoeba possess the potential to be pathogenic25,26).

The varying effectiveness of the clds against the Acanthamoeba iso-
lates could also be due to the differing groups of cysts used as well as 
the 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), 
Acanthamoeba cysts show increasing resistance towards clds as it 
ages28).

CONCLUSION

Meni Care Plus had only successfully inactivated one of the four 
environmental isolates tested, while Opti-Free® Express® failed to 
inactivate all isolates. Most commercially available clds are ineffective 
as anti-Acanthamoeba agents. Soaking time recommended by the manu-
facturers is found to be ineffective at inactivating most of the 
Acanthamoeba cyst isolates tested. Further testing needs to be done 
using other brands of clds on more Acanthamoeba cyst isolates. 
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