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WHAT IS ACANTHAMOEBA? 
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PROTOZOA that are 
OPPORTUNISTIC pathogens 

in HUMANS. 

Also known as AMPHIZOIC 
AMOEBA – ability to exist as 

FREE-LIVING organisms in 
NATURE and occasionally 

INVADE a HOST and live as 
PARASITES within HOST 

TISSUE (human). 

 

DISTRIBUTIONS 

 

Soil 
Dust 

Tap Water 

Air 
Conditioning 

Unit Swimming 
Pool 

CONTACT 
LENS 

1Siddiqui, R. and Khan, N.A. 2012. Biology and pathogenesis of Acanthamoeba. Parasit Vectors, 5: 6. 



WHAT IS ACANTHAMOEBA? 

Ubiquitously present in the environment and that we 
commonly encounter this organism in our routine lives! 
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Presence of                                               
anti-Acanthamoeba antibodies 

in up to 100% healthy 
populations in New Zealand. 

More than 85% in individuals of 
London that came from 

different countries. 

2Brindley, N., Matin, A. and Khan, N.A. 2019. Acanthamoeba castellanii: high antibody prevalence in racially and 
ethnically diverse populations. Exp Parasitol, 121: 254-256. 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiq-7iO8cnjAhXP73MBHfigBOAQjRx6BAgBEAU&url=https://icons8.com/icons/set/house&psig=AOvVaw3GmFN6y2OibcvXfKG1ekbe&ust=1563931525060005


WHAT IS ACANTHAMOEBA? 
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Figure 1. The classification of protists based on ribosomal rRNA sequences. 
1Siddiqui, R. and Khan, N.A. 2012. Biology and pathogenesis of Acanthamoeba. Parasit Vectors, 5: 6. 



MORPHOLOGICAL FORMS 
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 Feeding and Dividing 

 Asexual 

 Cyst Forming 

TROPHOZOITE CYST 
 Response to Adversity 

 Dormant, Resistant 

 Double-Walled with Pores 
1Siddiqui, R. and Khan, N.A. 2012. Biology and pathogenesis of Acanthamoeba. Parasit Vectors, 5: 6. 



ACANTHAMOEBA CYST 
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 OUTER WALL – proteins and polysaccharides. 

 INNER WALLS – cellulose.  

 RESISTANT – extremes of temperature, pH, desiccation, irradiation and 
ANTIMICROBIAL AGENTS. 

 Only 1 class of medication – BIGUANIDES have cysticidal activity. 

Figure 2. Acanthamoeba cysts in interference contrast microscopy. (A) morphological group I, 
(B) morphological group II and (C) morphological group III 



ACANTHAMOEBA GENOTYPING 
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Table 1. Known Acanthamoeba genotypes and their associations with human 
diseases, e.g., keratitis and granulomatous encephalitis. 

1Siddiqui, R. and Khan, N.A. 2012. Biology and pathogenesis of Acanthamoeba. Parasit Vectors, 5: 6. 

Each genotype 
exhibits 5% or more 

sequence 
divergence. 



DISCOVERY OF ACANTHAMOEBA 
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Figure 3. Increasing scientific interest in the field of Acanthamoeba as determined by 
published articles over the last five decades. 

1Siddiqui, R. and Khan, N.A. 2012. Biology and pathogenesis of Acanthamoeba. Parasit Vectors, 5: 6. 

Increasing attention due to its diverse roles in the 
ecosystem and in particular, its role in causing 

serious human infections. 



DISCOVERY OF ACANTHAMOEBA 
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 A. polyphaga and A. castellanii – sight-threatening infection of the 
cornea (ACANTHAMOEBA KERATITIS). 

 A. culbertsoni – life-threatening meningoencephalitis (GRANULOMATOUS 
AMOEBIC ENCEPHALITIS). 

 Immunocompromised individuals – CUTANEOUS and SINUS diseases. 

 

3Visvesvara, G.S. and Stehr-Green, J.K. 1990. Epidemiology of free-living amoeba infections. 
J Protozool, 37: 25S-33S. 
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Disease Country Case/History 

Acanthamoeba keratitis 
(AK) 

Malaysia, Indonesia, Thailand 
and Singapore 

Contact lens use 

Granulomatous Amoebic 
Encephalitis (GAE) 

Thailand 

Malaysia 

Indonesia 
 

8 Χ, 3 √ 

1 X 

1 X 

 

Balamuthia Amoebic 
Encephalitis (BAE) 

Thailand 1 Χ 
*23 year old healthy male after falling into a swamp 

during a motorbike accident in 2004. 

Primary Amoebic 
Meningoencephalitis (PAM) 

Thailand 

Vietnam 

10 Χ, 2 √ 

2 √ 
 

ACANTHAMOEBA CASES IN SOUTHEAST ASIA 
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ACANTHAMOEBA CASES IN SOUTHEAST ASIA 



14 

ACANTHAMOEBA CASES IN SOUTHEAST ASIA 



ACANTHAMOEBA LIFE CYCLE 
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Figure 4. Acanthamoeba life cycle; cysts and trophozoites are both capable of 
entering the body through various routes. 



ACANTHAMOEBA KERATITIS 
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Uncommon eye infection 
– number of infected 
persons increased in 

developing countries. 

First case reported in 1975 
– patient who sustained 
eye trauma outdoors. 

Increase of AK cases is 
associated with the use of 

CONTACT LENSES. 
Contact lens wearers – 

HIGH RISK GROUP. 

4TU, E.Y. and Joslin, C.E. 2010. Recent outbreaks of atypical contact lens-related keratitis: what we have learned? 
Am J Ophthalmol, 150: 602-608. 

5Lorenzo-Morales, J., Khan, N.A. and Walochnik, J. 2015. An update on Acanthamoeba keratitis: diagnosis, 
pathogenesis and treatment. Parasite, 22: 10. 
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FIRST CASE OF ACANTHAMOEBA KERATITIS                          

IN MALAYSIA 
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PREVALENCE OF ACANTHAMOEBA                          

IN MALAYSIA 

2013: 
8% 
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RISK FACTORS OF ACANTHAMOEBA 

Contact lens wear for 
extended period of time 

Lack of personal hygiene 

Biofilm formation of                     
contact lens 

INEFFECTIVE LENS 
DISINFECTION SYSTEM 

5Lorenzo-Morales, J., Khan, N.A. and Walochnik, J. 2015. An update on Acanthamoeba keratitis: diagnosis, 
pathogenesis and treatment. Parasite, 22: 10. 

Induced hypoxic and 
hypercapnic state promoting 

epithelial cell desquamation and 
allowing microbial invasion. 
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“The competition for more COMFORTABLE and CONSUMER 
FRIENDLY contact lens solutions have been identified as playing a 

key role in the increase in atypical causes of AK”. 
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ACANTHAMOEBA SIGNS AND SYMPTOMS 

5Lorenzo-Morales, J., Khan, N.A. and Walochnik, J. 2015. An update on Acanthamoeba keratitis: diagnosis, 
pathogenesis and treatment. Parasite, 22: 10. 
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ACANTHAMOEBA SIGNS AND SYMPTOMS 

Figure 5. (A) Normal eye and (B) Infected eye exhibiting recurrent Acanthamoeba 
infection following corneal transplant with severe corneal damage and loss of vision. 

Stromal findings which 
occur later include 

single or multiple 
stromal infiltrates or 

satellite lesions usually 
suggest AK. 
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PATHOGENESIS OF ACANTHAMOEBA KERATITIS 

Figure 7. Factors contributing to the pathogenicity of Acanthamoeba. 
1Siddiqui, R. and Khan, N.A. 2012. Biology and pathogenesis of Acanthamoeba. Parasit Vectors, 5: 6. 
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DIAGNOSTIC TECHNIQUES 

Figure 8. Overview of the diagnostic procedure for Acanthamoeba keratitis. 
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Figure 9. Acanthamoeba trophozoites observed in culture in a case of severe AK infection. 



26 

CURRENT THERAPEUTIC APPROACHES 

Table 2. List of anti-Acanthamoeba drugs and doses. 

5Lorenzo-Morales, J., Khan, N.A. and Walochnik, J. 2015. An update on Acanthamoeba keratitis: diagnosis, 
pathogenesis and treatment. Parasite, 22: 10. 
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Table 3. Characteristics of Acanthamoeba as an agents of amoebic encephalitis and 
amoebic keratitis. 
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CURRENT ISSUES 

“Recent studies have reported a significant increase in the 
number of AK patients in the                                “.      

 
“At present, there are >120 MILLION people wearing contact 

lenses, thus there is a growing need to be aware of the 
associated risks”. 

 “This is particularly important in view of the INEFFECTIVENESS OF 
CLEANING SOLUTIONS of some contact lens products”. 

 
6Carvalho, F.R., Foronda, A.S., Mannis, M.J., Hofling-Lima, A.L., Belfort, R.Jr. and de Freitas, D. 2009. Twenty years of 

Acanthamoeba keratitis. Cornea, 28: 516-519. 
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CURRENT ISSUES 
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MULTIPURPOSE CONTACT LENS                         

DISINFECTING SOLUTION 

MPDS – designed for 
CLEANING, DISINFECTING, 

RINSING and STORING using 
a single formulation. 

Most of these solutions 
contains PHMB or polyquad 

(poly-quaternium-1). 

Susceptibility of 
Acanthamoeba to MPDS 
was variable – depend on 
the STAGE, TYPE & DILUTION 
of disinfecting solution and 
LENGTH OF EXPOSURE TIME. 

Ineffective against 
Acanthamoeba cyst. 

RESISTANCE to BIOCIDES 
during encystation has 

been observed. 
7Kyung Moon, E., Ryun Park, H., Shi Quan, F. and Hee Kong, H. 2016. Efficacy of Korean multipurpose contact lens 

disinfecting solutions against Acanthamoeba castellanii. Korean J Parasitol, 54: 697-702. 
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MULTIPURPOSE CONTACT LENS                         

DISINFECTING SOLUTION 

In addition, most of disinfecting agents in MPDS are associated with                              
CYTOTOXIC EFFECTS and induced varying levels of IRREVERSIBLE TISSUE 

SENSITIVITY REACTIONS. 

Several MPDS showed a progressive DOSE-DEPENDENT increase in 
cytotoxicity for higher concentration. 

This suggest that the formulations of MPDS need to asses the 
AMOEBICIDAL EFFECTS and CYTOTOXICITY and BALANCE AMOEBICIDAL 

EFFECTIVENESS WITH LOW CYTOTOXICITY. 
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Table 4. Contact lens solutions tested and their ingredients. 
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Figure 10. MPDS sold in Malaysia that claimed effective towards killing Acanthamoeba. 
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MPDS EFFECTIVENESS TESTING METHODS 

PHASE 1A –                                    
PREPARATION OF 

TROPHOZOITES 

Acanthamoeba 
trophozoite 

AXENICALLY 

30 ml PYG + 100 µg/ml penicillin + 100 µg/ml streptomycin 

30⁰C,  3 – 7 days 

After incubation, 
PYG replace                        

with PAS 

FLASK                        
SHAKE 

VIGOROUSLY 
PAS 

containing 
trophozoites 

No. of trophozoites –                      
106 cells/ml using a 

hemocytometer by trypan 
blue exclusion method 

TROPHOZOITES 
SUSPENSIONS WERE FRESHLY 

PREPARED BEFORE THE 
EXPERIMENTS To detach 

trophozoites 
adhering to the base 

of the flasks 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwj3q9vKsdLjAhXEtY8KHS8gCMgQjRx6BAgBEAU&url=https://online-shop.eppendorf.com/OC-en/Cell-Culture-and-Imaging-Consumables-110320/Stem-Cell-Cultureware-438131/CCCadvanced-FN1-motifs-Cell-Culture-Flasks-PF-247102.html&psig=AOvVaw1X4cOkbEjem9wXYMKy2oUo&ust=1564223704383106
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwj3q9vKsdLjAhXEtY8KHS8gCMgQjRx6BAgBEAU&url=https://online-shop.eppendorf.com/OC-en/Cell-Culture-and-Imaging-Consumables-110320/Stem-Cell-Cultureware-438131/CCCadvanced-FN1-motifs-Cell-Culture-Flasks-PF-247102.html&psig=AOvVaw1X4cOkbEjem9wXYMKy2oUo&ust=1564223704383106
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MPDS EFFECTIVENESS TESTING METHODS 

PHASE 1B –                                    
PREPARATION OF CYSTS 

Acanthamoeba  mature cysts were 
obtained from cultured aged in 
flasks for up to 7 days at 30⁰C. 

30 ml PYG + 100 µg/ml penicillin + 100 µg/ml streptomycin 

30⁰C,  3 – 7 days 

After incubation, 
cysts transferred to 

sterile tube 

3000 rpm,                       
10 min 

Supernatants were discarded 
and pellets were washed 

twice by re-suspension in PAS 

CYSTS SUSPENSIONS WERE 
STORED AT 4⁰C AND USED 

WITHIN 2 DAYS 

Viable cysts no. – 
106 cells/ml using a 
hemocytometer by 

trypan blue 
exclusion method 

They were already 
detached from the 

flask surface 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwj3q9vKsdLjAhXEtY8KHS8gCMgQjRx6BAgBEAU&url=https://online-shop.eppendorf.com/OC-en/Cell-Culture-and-Imaging-Consumables-110320/Stem-Cell-Cultureware-438131/CCCadvanced-FN1-motifs-Cell-Culture-Flasks-PF-247102.html&psig=AOvVaw1X4cOkbEjem9wXYMKy2oUo&ust=1564223704383106
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MPDS EFFECTIVENESS TESTING METHODS 

PHASE 2 – MPDS AND MMRDT 
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MPDS EFFECTIVENESS TESTING METHODS 

PHASE 3 – ACTIVITY ASSAYS 
(MOST PROBABLE 

ENUMERATION TECHNIQUE) 

Incubated 25⁰C, plates were 
examined for the presence of viable 
trophozoites and cysts after 3 - 7 days 

incubation 

These plates were checked to 
ensure no amoebic growth 

The average log reductions were calculated using the MPN trophozoites and 
cysts per ml of MPDS at the designated time points. 

Log (viable cell at 0 h) – log (viable count at each interval time) 

Incubated in 25⁰C 
at predefined 

intervals  

Permitted to stand 15                   
min for disinfectant 

neutralization 5 aliquots each of 1, 0.1 and 0.01 ml 
prepared in DE were inoculated onto 
NNA covered with heat killed E. coli 

To give initial concentrations of                
104 trophozoites or cysts/ml 

Each MPDS was tested in triplicates 
against trophozoites and cysts 
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MPDS EFFECTIVENESS TESTING METHODS 

PHASE 4 –                                    
CYTOPATHIC EFFECTS ON 

HUMAN CORNEAL EPITHELIAL 
CELLS 

Human corneal 
epithelial cells 

CULTURED 

Endothelial cell growth media kits, 
in 5% CO2 incubator 

Monolayered HCE cells were placed in 96-well plates and 
incubated with selected MPDS or control media in 5% CO2 

Cytopathic effects were assessed visually 
after Giemsa staining and measurement of 

optical density at 590 nm, with 0.1 ml of 
cells solubilized in 5% SDS. 

% CPE = 100 – [(OD of experimental well – 
OD of HCE alone)/OD of control cells] x 100 

*CPE assay was 
performed in triplicate 

Percent CPE was calculated 
according to the following formula 
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MPDS EFFECTIVENESS TESTING RESULTS 

CLs that achieved a 
3-log reduction of 

amoeba during the 
MMRDT was 

considered as an 
effective disinfectant 



40 

MPDS EFFECTIVENESS TESTING RESULTS 

Figure 11. Average trophozoiticidal (A) and cysticidal (B) effects of OPTI-FREE® PureMoist® 

over 6 h against A. castellanii. 

Table 5. Viability of Acanthamoeba strains after each time intervals. 

OPTI-FREE® PureMoist® 

achieved total kill 
against A. castellanii 

trophozoites by 3 h, 4.5 h 
and 6 h, respectively. 

Cysts of A. castellanii 
were still viable after 

MMRDT (6 h). 
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MPDS EFFECTIVENESS TESTING RESULTS 

LESS AMOEBICIDALS EFFECTIVE – not 
cytotoxic at any of the 
concentrations tested. 

MODERATE AMOEBICIDALS EFFECTIVE – 
43% cytopathic effects at                                 

50% concentration at 1 h exposure. 

BEST AMOEBICIDALS EFFECTIVE –                    
32% cytopathic effects at                                 

50% concentration at 1 h exposure. 

SOLUTIONS M & N SHOWED A                        
TIME-DEPENDENT CYTOTOXICITY TOWARDS 

HCE CELLS. IT SHOWED THAT MPDS ALSO 
HAVE VARIOUS RANGES OF CYTOPATHIC 

EFFECTS AGAINST HUMAN CELLS. 
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PROBLEM OF ACANTHAMOEBA-TESTING                            

FOR MPDS 

Food & Drug Administration (FDA) – minimum 1-log 
reduction of the initial inoculum was suggested as an 

appropriate measure of effective amoebicidal activity. 

“The ideal MPDS should maintain a HIGH LEVEL OF DISINFECTION EFFICACY, PROVIDE SUPERIOR 
CLEANING and EXTENDED MOISTURE, and be STABLE FOR LONG-TERM STORAGE avoiding toxicity to 

the eye”. 

JUST A SINGLE SURVIVING CYST CAN GIVE RISE TO A NEW ‘AMOEBA POPULATION’ 

8Atkins, N. 2006. Developments in lens care solutions. Optician, 231: 32-38. 9Hiti, K., Walochnik, J., Haller-Schober, E.M., Faschinger, C. and Aspock, H. 2006. Efficacy of contact lens storage 
solutions against different Acanthamoeba strains. Cornea, 24: 423-427. 
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“The reported and worrying lack of effective cleaning solutions have urged 

researchers in this field to search for NOVEL COMPOUNDS as a high priority to be 

included as part of a new class of MPDS that are susceptible of both 

Acanthamoeba cysts and trophozoites”. 

“Thus, there is a raising trend to shift resources from chemical drugs to natural origin 

compounds, mainly isolated from MEDICINAL PLANTS and HERBS”. 

44 
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Table 6. Several medicinal plants with reported activity against Acanthamoeba cysts and trophozoites. 
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MEDICINAL PLANTS AS A SOURCE OF NOVEL 

THERAPEUTIC COMPOUNDS 

Figure 12. Thymus sipyleus subsp.                           
Sipyleus var. sipyleus 

In-vitro effect of methanolic extracts of Thymus sipyleus 
subsp. Sipyleus var. sipyleus was tested against 
Acanthamobea trophozoites (1.0 – 32 mg/mL). 

The effective activity was observed at 32 mg/mL. This 
medicinal plant presented no toxicity to human 

keratocytes even at the highest concentration tested 
(32 mg/mL). 

A bio-guided fractionation analysis of Thymus sipyleus 
could help to find the active compounds within this 

plant against Acanthamoeba in the near future. 

10Polat, Z.A., Tepe, B. and Vural, A. 2007. In-vitro effectiveness of Thymus sipyleus subsp. sipyleus var. sipyleus on 
Acanthamoeba castellanii and its cytotoxic potential on corneal cells. Parasitol Res, 101: 1551-1555. 
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MEDICINAL PLANTS AS A SOURCE OF NOVEL 

THERAPEUTIC COMPOUNDS 

Figure 13. Trigonella foenum graecum 

The aqueous extract of Trigonella foenum graecum is 
active against both the trophozoite and cyst stages of 

Acanthamoeba. 

The concentration of 10 mg/mL was able to eliminate 
trophozoites and cysts when incubated at a 

concentration of 750 mg/mL after 48 h (trophozoite) 
and 72 h (cysts). 

Trigonella foenum graecum did not shown toxicity 
when tested on cell culture at the highest evaluated 

concentrations. 

11Dodangeh, S., Niyyati, M. and Kamalinejad, M. 2011. Anti-Acanthamoeba activities of chloroformic fractions of 
Trigonella foenum graecum (seed) and their cytotoxicity on mice macrophages cell. Novel Biomed, 82: 237-246. 
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MEDICINAL PLANTS AS A SOURCE OF NOVEL 

THERAPEUTIC COMPOUNDS 

Figure 14. Origanum syriacum 

In-vitro evaluation of the amoebicidal activity of 
methanolic extracts of Origanum syriacum against 

Acanthamoeba castellanii have shown that 
concentrations of 32 mg/mL was able to eliminate 

trophozoites after 3 h. 

Incubation of cysts with extracts at the same 
concentration (32 mg/mL) revealed a cysticidal 

activity after 24 h. 

12Degerli, S., Tepe, B., Celiksoz, A., Berk, S. and Malatyali, E. 2012. In-vitro amoebicidal activity of Origanum 
syriacum and Origanum laevigatum on Acanthamoeba castellanii cysts and trophozoites. Exp Parasitol, 131: 20-24. 
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MY RESEARCH FOCUS 

IN-VITRO AMOEBICIDAL ACTIVITY OF CURCUMA LONGA LINN. 
AGAINST ACANTHAMOEBA GENOTYPE T4 AND THEIR CYTOTOXIC 

POTENTIALS ON HUMAN CORNEAL EPITHELIAL CELLS FOR THE 
IMPROVEMENT OF CONTACT LENS DISINFECTING SOLUTIONS 

 



50 THE SELECTION OF THIS PLANT WAS MADE ON THE BASIS 
OF INFORMATION GATHERED ABOUT IT USE IN THE 

LOCAL TRADITIONAL MEDICINE 

Anti-
protozoal 

Anti-
inflammatory 

Anti-
bacterial 
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EXPERIMENTAL DESIGN 

Preparation of the methanol extract of                     
C. longa Linn. rhizomes 

Preparation of Acanthamoeba                         
trophozoites and cysts 

Determination of the amoebicidal 
activity of plant extract                                    

(1, 2, 4, 8, 16 and 32 mg/mL) 

Incubate 25⁰C at                                                         
1, 3, 6, 8 and 24 h 

Effects of the extract 
against trophozoites 

and cysts     
(viable/non-viable) 

Human corneal 
epithelial cell culture 

Evaluation of the 
toxicity using 

cytotoxicity detection 
kit 

ANOVA                                     
Tukey’s test for post hoc 

pairwise comparisons 
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EXPECTED OUTCOMES 

Table 7. Effect of C. longa Linn. methanol extract on the proliferation of Acanthamoeba 
genotype T4 trophozoites and cysts. 

Curcuma longa Linn. 

Table 8. Cytotoxic effect of C. longa Linn. on corneal cells using MTT. 
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Figure 15. Acanthamoeba genotype T4 cysts treated with 32.0 mg/mL of C. longa Linn. extract at the 24 (optical 
microscope magnification x400). Dead cysts that are dark blue stained with trypan blue shown on the tip of the arrow. 
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“The number of contact lens wearers is estimated at 125 million in 2010. The 

contact lens market is estimated at $6.1 billion in 2012, and it is estimated that the 

global market reached $11.7 billion by 2017”. 

“For a multibillion-dollar industry, it is puzzling that pharmaceutical companies are 

not investing in this research, especially a novel molecules/inhibitors/drugs and 

their clinical applications can be patented, which offer tremendous commercial 

value”. 
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SOMETHING TO PONDER… 
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