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ABSTRACT

Introduction:  Acanthamoeba species are ubiquitous free-living protozoa that can be found worldwide. Acanthamoe-
ba in recreational waters is concerning because it can cause serious human health issues, particularly Acanthamoeba 
keratitis and granulomatous amoebic encephalitis. Currently, this amoeba can be classified into 23 different geno-
types, labeled T1 to T23. This study targets the identification of Acanthamoeba genotypes and their pathogenic char-
acteristics within Templer Forest Eco Park, Selangor. Materials and Methods: To conduct this research, purposive 
sampling was performed, resulting in the collection of ten water samples from March to April 2023. Each sample 
underwent filtration using a nitrocellulose membrane, followed by analysis for Acanthamoeba presence through 
cultivation and PCR utilizing specific primers. Physiological tolerance assessments were executed on all samples 
that tested positive for Acanthamoeba. Results: PCR testing confirmed the presence of Acanthamoeba in 8 out of the 
10 sampled water sources. Phylogenetic analysis classified six of these samples as genotype T18, while remaining 
samples were identified as genotypes T4 and T17. Tolerance assessments revealed one Acanthamoeba strain (gen-
otype T4) exhibited significant pathogenicity. Conclusion: This is the first time that Acanthamoeba genotypes have 
been reported in recreational waters in Selangor. The findings suggest that Acanthamoeba strains present in the river 
water of Selangor may pose a potential health risk to humans. Therefore, it is recommended that health authorities 
implement regular monitoring of river water and install warning signage to mitigate the risk of diseases linked to 
pathogenic Acanthamoeba.
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INTRODUCTION

Acanthamoeba has emerged as a major public health 
concern dueF to its abiFlity to cause devastating human 
infections. Although such infections are relatively 
rare, the consequences can be disastrous, particularly 
with conditions like Acanthamoeba keratitis (AK), 
which primarily affects contact lens wearers and 
granulomatous amoebic encephalitis (GAE), a rare 
but frequently life-threatening brain infection in 
individuals with compromised immune systems (1, 2). 
According to culture and polymerase chain reaction 
(PCR) methods, 50% of water and 100% of soil samples 

were contaminated with Acanthamoeba. Based on the 
sequencing data, genotypes T4 (47%), T5 (35.29%), 
T3 (11.76%) and T11 (5.88%) were identified in water 
samples (3). Certain Acanthamoeba trophozoites not only 
inflict harm but also harbor pathogenic bacteria such as 
Legionella sp., Helicobacter pylori and Mycobacterium 
leprae, which can resist destruction by amoebae, along 
with other 'amoeba-resistant microorganisms' that occur 
naturally in environmental water (4, 5). It has been 
postulated that these amoebae may act as biological 
incubators or reservoirs for bacteria, functioning as 
'Trojan horses' that facilitate transmission to humans (6).

The identification of Acanthamoeba at the genus 
level necessitates an examination of both cysts and 
trophozoites, particularly the distinctive double-walled 
cyst morphology. Initially, the Acanthamoeba species 
were classified into three morphological categories (I, II 
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and III) (7), encompassing over 25 nominal species (8). 
Nevertheless, this classification was inconsistent due 
to a lack of substantial correlation between molecular 
typing and binomial nomenclature in various cases. 
A single recognized species may possess multiple 
genotypes, while one genotype can be associated with 
more than one recognized species. Moreover, the 
inconsistencies in strain/species clustering have been 
further highlighted by biochemical, growth, pathogenic 
traits and distribution patterns (9). Stothard et al. (10) 
pioneered a more advanced method for the classification 
of Acanthamoeba utilizing the 18S ribosomal RNA 
gene. Less than 5% of Acanthamoeba strains displayed 
variations in the 18S rRNA gene region and were classified 
as a single genotype (4). This genetic identification 
technology assists in documenting the presence of 
strains within environmental or clinical samples to study 
pathogenicity (11). To date, 23 genotypes (T1–T23) have 
been identified within the Acanthamoeba genus, with 
only a limited number of these genotypes recognized 
as pathogenic (12). The predominant genotype found in 
environmental samples is T4, followed by T1, T2, T3, 
T5, T6, T10, T12, T15 and T18 (13).

Although Acanthamoeba genotypes do not consistently 
correspond with species identified through morphological 
characteristics, the extensive diversity within this genus 
contributes to its widespread distribution and adaptability 
to various environmental conditions. Booton et al. (8) 
determined that T4 is the predominant genotype in both 
environmental and clinical samples during their analysis 
of Acanthamoeba genotypes. The remaining pathogenic 
genotypes (T2, T3, T5, T6, T10, T12, T15 and T18) were 
infrequently found in clinical samples (14). Nevertheless, 
genotyping alone does not yield sufficient insights into 
the pathogenicity of an isolate. Usually, a thorough 
description of Acanthamoeba is enhanced by looking at 
its physiological characteristics. Certain characteristics 
linked to its disease-causing potential exhibit resilience 
against protease activity, elevated temperatures above 
37°C, cytopathic influences on cultured cells and high 
osmolarity (15). Both thermal and osmotic tolerance tests 
can effectively differentiate between non-pathogenic 
and pathogenic isolates (16). In proposing a plating assay 
to distinguish between pathogenic and non-pathogenic 
isolates, Khan et al. (17) identified that a crucial trait 
of pathogenic amoebae is their capacity to thrive 
under high osmolarity and temperature conditions. The 
elevated secretion of heat shock proteins in pathogenic 
isolates was linked to this phenomenon.

In Malaysia, the presence of Acanthamoeba has been 
extensively documented across various environmental 
sources, showing a substantial prevalence in water 
supplies, soil and indoor contexts. Studies have shown 
that Acanthamoeba contamination is alarmingly 
high in those lakes and rivers that attracts tourists and 
holidaymakers, with some locations exhibiting a 100% 

positivity rate (18). Artificial environments, including 
swimming pools and domestic tap water have shown 
notable contamination rates, indicating that these 
amoebae can endure even with routine maintenance 
and water treatment procedures (19). Recent research on 
water samples from beach revealed contamination rates 
ranging from 60% to 90%, with genotypes T4, T5, T11, 
T18 and T20 identified (20). This broad environmental 
distribution increases the likelihood of human exposure, 
particularly for contact lens users and individuals with 
compromised immune systems, placing Malaysia at 
greater risk than many other regions. However, there is 
still a lack of molecular data and pathogenic potential 
of Acanthamoeba isolates from Malaysia recreational 
river waters. Therefore, the objective of this preliminary 
study was to identify the Acanthamoeba genotypes 
present in a popular recreational river and assess their 
potential pathogenicity via physiological tolerance tests. 
We hypothesized that pathogenic genotype, such as T4 
might be present in the recreational river water and that 
at least some isolates would show high thermo- and 
osmo-tolerance indicative of health risk. 

MATERIALS AND METHODS 	

Sampling site and sample
Templer Forest Eco Park is situated north of Batu Cave, 
approximately 20 km away from downtown Kuala 
Lumpur, Malaysia. It is in the same rainforest area as 
the nearby Kanching Waterfalls and Commonwealth 
Forest Park. Templer Forest Eco Park is greatly 
beloved by enthusiasts of nature. It offers a swimming 
pool for visitors who prefer not to hike to reach a 
waterfall. They can also relax by swimming in the 
pool naturally filled with river water. The peaceful 
and calm atmosphere enables all visitors to unwind, 
let go of stress and refresh themselves. Ten samples of 
surface water were collected from ten distinct locations 
identified as TPMY_1, TPMY_2, TPMY_3, TPMY_4, 
TPMY_5, TPMY_6, TPMY_7, TPMY_8, TPMY_9 and 
TPMY_10. The samples were collected from March to 
April 2023. All sampling points were selected on the 
basis of accessibility and community presence, which 
evidenced anthroponotic activities. Water samples are 
often taken from the surface of a river, within 10 cm 
of the middle, to collect representative samples of the 
water’s composition and characteristics. This depth 
allows for easy access and minimizes disturbance of 
the riverbed, while also capturing the flow and mixing 
of the water (18). One liter of water was collected in 
a sterile borosilicate Schott bottle at every sampling 
location, then kept at 4°C until being delivered within 
48 hours to the Parasitology Laboratory at the Universiti 
Teknologi MARA, Malaysia for further examination. No 
permit was required to collect water from this public 
sampling sites. However, verbal consent was obtained 
from the relevant authority before the commencement 
of the study. 
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determining the yield and purity of the DNA extract 
with a NanoDrop 2000c spectrophotometer (Thermo 
Scientific, USA), the sample was kept at -20 °C for future 
analysis.

The polymerase chain reaction (PCR) assay was 
conducted to amplify the 423–551 bp of the 18S rRNA 
fragment Acanthamoeba-specific amplimer ASA.S1 of 
the Acanthamoeba genotype. The genus-specific primers 
set JDP1 (5’-GGCCCAGATCGTTTACCGTGAA-3’) and 
JDP2 (5’-TCTCACAAGCTGCTAGGGGAGTCA-3’) were 
explicitly designed for Acanthamoeba genotyping, as 
previously described (23). Next, the PCR solution was 
prepared with 1 μL of the DNA template (50 ng/μL), 
along with the PCR mixture in order to establish a total 
volume of         50 µL. The PCR mixture comprised 25 μL 
of TopTaq Master Mix (2X) (Qiagen, USA), 2 μL each of 
the oligonucleotide primers, along with 20 μL of DNase-
free deionized water. 

The PCR procedure began with an initial denaturation at 
94°C for 3 min, followed by 35 cycles of denaturation at 
94°C for 30 sec, annealing at 57°C for 1 min and extension 
at 72°C for 1 min. Lastly, there was a final extension at 
72°C for 10 min. During each PCR run in triplicate, the 
DNA extract sample was analyzed alongside the positive 
control (Acanthamoeba castellanii ATCC 50492) and 
negative control (template DNA replaced with distilled 
water). Following that, 10 μL of the PCR sample was 
transferred to a 1.5% agarose gel (Vivantis), with a 100 
bp DNA ladder (Biolabs, USA) used as the DNA marker. 
Subsequently, the gel electrophoresis was conducted. 
After finishing the process, the DNA fragments were 
detected by staining the gel with ethidium bromide 
(EtBr) (0.5 μg/mL) for a duration of 10 min. 

The sequence analysis was conducted using a BigDye® 
Terminator v.3.1 Cycle Sequencing Kit (Thermo Fisher 
Scientific, USA). Phylogenetic trees were created 
based on the neighbor-joining distance tree method, 
which generated 1,000 bootstrapped duplicates. The 
GenBank database was utilised to allocate the 18S 
rRNA gene sequences from the Blast searching and 
orientation using the MEGA software tool, v.11 (Mega 
Software, Tempe, Arizona, USA) (24). Finally, the largest 
similarity percentage was analysed to determine the 
Acanthamoeba species.

Thermo-tolerance and osmo-tolerance tests
In this study, thermo- and osmo-tolerance physiological 
evaluations were performed in triplicate. The cultures 
cultivated on an NNA medium enriched with E. 
coli were employed in the assessment following the 
methodology reported previously (20). Two culture 
plate sets were prepared for the assays. In the thermo-
tolerance evaluation, a small NNA block soaked with 
Acanthamoeba trophozoites or cysts was placed 
centrally on each culture plate. Subsequently, freshly 
prepared 1.5% NNA was overlaid with E. coli suspension 

Sample filtration and cultivation of Acanthamoeba
The method of membrane filtration was applied to each 
one-liter water sample collected in a sterile bottle top 
filter device using a cellulose nitrate membrane filter 
(0.45 μm pore size) from Gottingen, Germany and a 
low vacuum manifold system with a flow rate of 1.3 
ml/min (21). Following filtration, the membrane was 
reversed, partitioned into four parts and placed on 1.5% 
non-nutrient agar (NNA) dishes (Sigma Aldrich A7002, 
USA) covered with Page's amoeba saline (PAS) solution 
containing UV-inactivated E. coli K12 (ATCC 10798). 
The final pH of the PAS solution was then adjusted to 
6.9. The dishes were carefully covered with Parafilm® 
and placed upside down at 30°C, with an 85% relative 
humidity for a maximum of 14 days (19).

Microscopic examination and culture preparation
The evaluation was carried out daily on every culture 
plate for a period of two weeks using a light inverted 
microscope (Lieca DMI3000 B, Germany) before being 
deemed negative following the criteria outlined by Page 
(22). The Acanthamoeba trophozoites were detected 
based on their irregular shape, spiny pseudopods 
(acanthopodia) and a single nucleus, while cysts 
were detected based on a double-walled structure 
with a wrinkled outer layer (ectocyst) and an inner 
layer (endocyst) that can be polygonal, spherical or 
star-shaped, respectively. The characteristics of the 
cyst and trophozoite were examined using a bright-
field microscope (ZEISS Primo Star, Germany) after 
creating a thin smear from agar possibly containing 
Acanthamoeba. A marker pen was used to draw a 
circle on the plate's bottom, marking the surface of agar 
containing Acanthamoeba. Next, the plate's cover was 
taken off and a specific area on the agar surface was 
gently scraped using a coverslip. The gel was flipped 
over and evenly pushed onto a glass slide to be viewed 
under a bright field microscope at a magnification of 
1,000×. Plates with colonies that tested positive in 
culture were sub-cultured ten times by moving a colony 
containing four to six cysts onto newly made NNA-E. coli 
plates in order to establish a homogenous cell culture. 
Trophozoites from individual isolates were cultured in 
five plates to gain 5x103 cell. Later, they were harvested 
to extract total DNA with QIAamp® DNA mini kit 
(Qiagen, Hilden, Germany).

DNA extraction, PCR amplification assay and sequence 
analysis
Before extracting DNA, Acanthamoeba cells that had 
been cultured were harvested by transferring 1 mL of the 
PAS solution onto agar plates. Next, a sterile L-shaped 
rod carefully scraped off the amoeba from each plate. 
The liquid suspension containing amoebas was placed 
in an Eppendorf tube and spun in a centrifuge at 3,500 
rpm for 10 min. The supernatant was then removed 
and the pellet was utilized for DNA extraction using 
a QIAamp® DNA mini kit (Qiagen, Hilden, Germany) 
following the manufacturer’s instruction manual. After 
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before incubating the cultures at 37 and 42°C. Small 
agar block consisting of Acanthamoeba cysts were 
sliced and positioned in the center of a fresh 1.5% NNA 
medium of 0.5 or 1 M of mannitol for osmo-tolerance 
assessment. The cultures were also overlaid with E. coli. 
The mannitol-free NNA plates were the negative control 
in this study. 

The cultures were observed daily under a bright-
field microscope at 400x magnification over a period 
of 5 days. The proliferation of Acanthamoeba was 
assessed by counting all cysts or trophozoites located 
approximately 20 mm from the center of each plate. 
The mean counts of each sample were recorded from 
triplicate measurements. Growth was quantified based 
on the following categories: 0 (–), 1–15 (+), 16–30 (++) 
and >30 (+++). At the end of the analysis, samples were 
classified as high (+++), low (+ to ++) or non-pathogenic 
(–) based on previously published criteria (25). A. 
castellanii (ATCC 50492) was used as the reference 
strain to confirm pathogenic characteristics. 

RESULTS

Molecular characterization and phylogenetic analysis 
of Acanthamoeba
Culture-confirmed Acanthamoeba positive samples 
underwent further validation through PCR-based 
detection (Figure 1) and were subsequently sequenced 

for species identification. The Acanthamoeba reference 
strains from NCBI demonstrated a high degree of 
similarity (98–100%) with all eight PCR products. A 
neighbor-joining analysis was conducted to establish 
the relationship among the eight PCR products and 
the reference strains from NCBI GenBank, as depicted 
in Figure 2. The T18 genotype was the most frequently 
identified, occurring a total of six times. Genotypes 
T4 and T17 were each identified once, as indicated 
in Table I. Two Acanthamoeba isolates collected from 
Templer Forest Eco Park were categorized as genotype 
T18, which corresponds to the genotype of A. byersi 
(OQ247944 and MN153028). A single Acanthamoeba 
was classified under genotype T4, analogous to the 
species A. castellanii (MF100902). Additionally, four 
Acanthamoeba of genotype T18 and genotype T17 
exhibited similarities to Acanthamoeba sp. (MW181633 
and OQ247945). Each of these isolates holds the 
potential to be a source of AK and GAE (Table II). The 
identification of genotypes from Acanthamoeba positive 
samples across the same sampling locations examined 
through culture and PCR-based methods indicates that 
the Acanthamoeba positive samples may encompass 
multiple Acanthamoeba species and genotypes. This 
study has likely yielded various identified Acanthamoeba 
species and genotypes through diverse analytical 
approaches. The genomic sequences of the isolates have 
been archived in GenBank under accession numbers 
OR352420–OR352427.

Figure 1: PCR amplification of the isolated Acanthamoeba strains using JDP primers. Lane 1: 100 bp ladder was used as a mo-
lecular size marker, Lane 2: positive control (A. castellanii ATCC 50492), Lane 3: negative control (without DNA), Lanes 5, 6, 7, 
8, 9, 10, 11 and 13: positive cases with high load of Acanthamoeba in the samples and Lanes 4 and 12: negative samples.
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Figure 2: The phylogenetic tree of Acanthamoeba PCR products and reference strains from the NCBI GenBank reconstructed 
based on the neighbor-joining method using MEGA 11. Vermamoeba vermiformis (NCBI LN650671) was used as the outgroup.
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Table I: List of Acanthamoeba isolates of the eight PCR positive samples and the reference strains with the high-
est homology found from the NCBI GenBank.

Isolate Accession 
number

Genotype Reference strain with highest 
homology

Accession num-
ber

Region of 
origin

Reference

TPMY_2 OR352420 T18 A. byersi OQ247944 Malaysia  47

TPMY_3 OR352421 T18 Acanthamoeba sp. MW181633 Thailand 40

TPMY_4 OR352422 T17 Acanthamoeba sp. OQ247945 Malaysia  47

TPMY_5 OR352423 T4 A. castellanii MF100902 Malaysia  47

TPMY_6 OR352424 T18 Acanthamoeba sp. MW181633 Thailand 40

TPMY_7 OR352425 T18 A. byersi MN153028 Austria 48

TPMY_8 OR352426 T18 Acanthamoeba sp. MW181633 Thailand 40

TPMY_10 OR352427 T18 Acanthamoeba sp. MW181633 Thailand 40

Table II: List of various Acanthamoeba genotypes and species isolated in this study and associated disease.

Genotype Species name Associated human disease Reference

T4 A. castellanii
Keratitis and

Granulomatous amoebic encephalitis 49

T17 Acanthamoeba sp. Unknown 50

T18
A. byersi

Granulomatous amoebic encephalitis
14

Acanthamoeba sp.

Physiological tolerances of Acanthamoeba
Table III presents the findings from the thermo- and osmo-
tolerance assessments performed on Acanthamoeba 
isolates obtained from river water. The assessment 
revealed that one isolate (TPMY_5), representing 12.5% 
of the cohort, exhibited resistance to temperatures of both 
37 and 42°C, as well as to osmotic challenges presented 
by 0.5 and 1 M mannitol. Additionally, it was found that 
87.5% of the isolates demonstrated tolerance to heat at 

37°C, with 50% maintaining viability under elevated 
temperatures at 42°C. Regarding osmotic pressure 
resistance, only two isolates showed susceptibility 
to 0.5 M mannitol. Notably, the A. castellanii ATCC 
50492 reference strain was able to withstand conditions 
of 42°C and 1 M mannitol, though with a reduced cell 
count compared to outcomes observed at 37°C and 0.5 
M mannitol.
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Table III: In vitro growth of Acanthamoeba isolated from river water at different temperatures and osmolarities.

Sample Code Genotype

Score for growtha

Thermo-tolerance Osmo-tolerance

37°C 42°C 0.5 M mannitol 1 M mannitol

TPMY_2 T18 +++ – +++ –

TPMY_3 T18 +++ +++ +++ –

TPMY_4 T17 – – – –

TPMY_5 T4 +++ + +++ +

TPMY_6 T18 +++ – +++ –

TPMY_7 T18 +++ +++ +++ –

TPMY_8 T18 +++ +++ – –

TPMY_10 T18 +++ – + –

Reference Strain 

A. castellanii (ATCC 50492)

T4 ++ + + ++

aScores of –, +, ++ and +++ indicated for 0, 1–15, 16–30 and >30 cysts and/or trophozoites, respectively, were seen in five microscope fields (at 

100x).

DISCUSSION

Acanthamoeba species exhibit remarkable adaptability, 
as evidenced by their occurrence in both natural 
and artificial habitats (4). Consequently, exposure to 
Acanthamoeba poses potential risks to individual health. 
The increasing participation in river-based recreational 
activities raises concerns due to the associated decline 
in health among residents and visitors (26). This 
study represents the first investigation in Selangor 
focusing on the molecular genotyping and pathogenic 
characteristics of Acanthamoeba at Templer Forest Eco 
Park. The presence of Acanthamoeba was confirmed 
in 80% of the water samples collected using culture 
and PCR techniques, indicating a robust presence of 
Acanthamoeba species in the river water at the studied 
locations, which is concerning considering the human 
activities at Templer Forest Eco Park throughout the 
year. This finding is consistent with reports by Basher 
et al. (18), who noted a high occurrence (100%) of 
Acanthamoeba in river water across central west 
Malaysia. Furthermore, Acanthamoeba species were 
identified in 66% of the 100 sites surveyed during the 
water sample collection from public freshwater sources 
in Thailand (27). A recent study conducted by Salazar-
Ardiles et al. (28) revealed that the Acanthamoeba 
genus was predominantly found in water and sediment 
samples from the Loa and Salado rivers in northern 
Chile. Notably, Kang et al. (29) identified the presence 
of Acanthamoeba in the Southern Han River in Korea. 
This suggests that the Acanthamoeba genus is widely 
disseminated in natural environments and highlights the 
inevitability of its detection in soil and water samples.

During the study, samples belonging to the 
Acanthamoeba genus were identified using the 
Acanthamoeba-specific primers, JDP1 and JDP2. A 
423–551 bp fragment was amplified in eight samples, 
which aligns with the observations made by Salehi et 

al. (30), who similarly detected Acanthamoeba sp. with 
PCR products ranging from 423 to 551 bp, identified 
as ASA.S1. The ASA.S1 amplimer is uniquely specific 
to the Acanthamoeba genus and is present in all 
recognized 18S rRNA genotypes (23). Recently, Chan 
et al. (31) demonstrated that the primer pair JDP1 
and JDP2 selectively amplifies the ASA.S1 segment of 
Acanthamoeba 18S rRNA genes, effectively excluding 
other closely related amoeba genera. In another study, 
Fuerst and Booton (32) noted that the ASA.S1 fragment 
has emerged as a focal point in the examination of 
Acanthamoeba isolates. Furthermore, Mohd Hussain et 
al. (33) indicated that the size of the amplicon utilized 
in the analysis of the 18S rRNA gene is crucial for the 
accurate identification of Acanthamoeba isolates.	

Recent research has identified three distinct partial 
Acanthamoeba sequences (T4, T17 and T18), along with 
two identical sequences (A. castellanii and A. byersi), 
using NCBI comparisons to known Acanthamoeba 
species sequences. Additionally, five unclassified 
Acanthamoeba species were noted as distinct within the 
Malaysian context. The presence of the Acanthamoeba 
strain exhibiting genotype T4 raises significant health 
concerns for humans. In this study, the T4 genotype 
demonstrated high levels of homology, showing 98% 
and 100% to A. castellanii, respectively. Similar findings 
were reported by Huang and Hsu (34), who also detected 
genotype T4 in spring resort areas across Taiwan. In 
contrast, Hsu et al. (35) indicated that genotype T4 
was the predominant genotype (75%) found in rivers 
and reservoirs in Taiwan. Richard et al. (36) similarly 
found that genotype T4 was the most frequently isolated 
genotype from a water treatment facility in Sarawak, 
Malaysia. Despite being isolated only once in this study, 
genotype T4 remains a significant concern as it is the 
leading genotype among pathogenic Acanthamoeba 
species that pose a risk to human health. Furthermore, 
Booton et al. (8) established that genotype T4 is often 
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linked to AK infections, with two isolates in their study 
classified as A. castellanii. Additionally, a majority of 
GAE samples identified correlated with clinical isolates 
connected to the T4 genotype (13).

In river water samples, genotype T18 was the 
predominant isolate, representing 75% of the tested 
specimens. Although considered rare, the T18 genotype 
was recently identified in Malaysian marine waters by 
Mohd Hussain et al. (20). Similarly, a study in Brazil 
documented the rare Acanthamoeba genotype T18 
in both river and sewage waters (37). Research by 
Putaporntip et al. (27) also found the Acanthamoeba 
genotype T18 in Thai freshwater sources. The presence 
of genotype T18 in the river water of Templer Forest 
Eco Park raises concerns for potential Acanthamoeba 
infections, particularly GAE, as this genotype has been 
linked to the illness (38). Moreover, prior studies have 
reported the identification of A. byersi genotype T18 in 
skin and brain tissues of GAE patients who had a history 
of organ transplants (14). Consequently, the presence 
of genotype T18 in aquatic environments may lead to 
Acanthamoeba infections among individuals engaging 
in recreational water activities, particularly those with 
compromised immune systems.

This research identified a specific strain of the T17 
genotype, consistent with a prior study conducted by 
Tanveer et al. (39), which similarly detected the T17 
genotype in canal water samples from Iran. In a related 
investigation, the T17 genotype was found in Malaysia 
by Mohd Hussain et al. (21) at a recreational hot spring 
in Bentong, Pahang, where Acanthamoeba sp. was 
identified. Furthermore, the T17 genotype has been 
documented in prior study conducted in Thailand from 
sources such as pond water and soil (40), indicating that 
the T17 genotype is commonly found in environmental 
samples. To date, no human illnesses have been 
associated with the T17 genotype (4). However, 
several pathogenic bacteria also known associated 
with Acanthamoeba, which may play a role as possible 
reservoirs (4, 5). Nevertheless, recent research indicates 
that various non-pathogenic Acanthamoeba genotypes 
from the T7/T8/T9/T17 group may possess the potential 
to cause diseases, highlighting the importance of further 
studies (41).

The enduring tropical climate in Malaysia provides an 
advantage for environmentally resilient cyst forms of 
free-living amoebae (FLA). Chan et al. (42) proposed 
that a higher proportion of Acanthamoeba in Malaysian 
environments may exhibit natural thermal resistance. 
This finding aligns with the identification of 7 out 
of 8 samples (88%) of Acanthamoeba isolates from 
river water, which have demonstrated the ability 
to survive elevated temperatures of 37°C, despite 
the optimal growth temperature being around 30°C 
(43). Importantly, the capability to thrive at 37°C is a 
significant indicator of a microorganism’s potential 

to induce disease, as the human eye's temperature is 
approximately 34°C (44). Additionally, it is noteworthy 
that only one Acanthamoeba isolate (TPMY_5) of the T4 
genotype was able to survive at a high temperature of 
42°C. This strain's resilience to extreme environmental 
conditions may be attributed to several factors, 
including the synthesis of heat-shock proteins (HSP), 
particularly HSP70 (45). This hypothesis is supported 
by earlier research conducted by Pérez-Serrano et al. 
(46), which investigated the survival and release levels 
of HSP60 and HSP70 in various Acanthamoeba species 
in response to abrupt temperature changes. The study 
indicated that elevated levels of HSPs could reflect their 
role in enhancing tolerance to host stressors and/or in 
the virulence of the species.

Osmotic tolerance assessments indicated that six 
out of eight isolates (75%) exhibited resistance to 0.5 
M mannitol, whereas only one isolate demonstrated 
resistance to 1 M mannitol. The ability to endure high 
osmotic pressure in response to increased mannitol 
concentrations has been linked to the growth of 
amoebas, particularly during their parasitic phase in 
the corneal epithelium (4). The Acanthamoeba samples 
were adept at maintaining their cellular structure and 
functionality, employing effective mechanisms to 
regulate osmotic balance. Notably, only the TPMY_5 
isolate (T4 genotype) was resistance to both 0.5 M and 
1 M mannitol; in contrast, isolates TPMY_2, TPMY_3, 
TPMY_6, TPMY_7, TPMY_8 and TPMY_10 (T17 and 
T18 genotypes) were unable to survive in 1 M mannitol. 
This variation in osmoregulatory capabilities may 
explain their proficiency in sustaining the equilibrium 
of water and solutes within their cells in response to 
fluctuating external osmotic conditions. The disparities 
in osmoregulation across different Acanthamoeba 
genotypes could correlate with genetic differences and 
adaptations to their specific environments.

Collecting water from rivers for Acanthamoeba studies 
has limitations due to the complex and dynamic nature 
of river ecosystems and the potential for contamination 
from various sources. These limitations include (i) limited 
sampling sites and (ii) cost and time constraints. Rivers 
are large and complex, making it challenging to collect 
representative samples that accurately reflect the overall 
Acanthamoeba distribution. Moreover, conducting 
extensive sampling and analysis of river water can be 
costly and time-consuming especially for large-scale 
studies. Therefore, ten locations in the present study 
are all in one section of the river, which were selected 
on the basis of accessibility and community presence 
(evidenced anthroponotic activities). Despite these 
limitations, river water remains an important source of 
information for understanding the epidemiology and 
ecology of Acanthamoeba, particularly when combined 
with other data sources and research methods.
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CONCLUSION

In summary, the present study detected multiple 
Acanthamoeba genotypes (T4, T17 and T18) in a 
popular recreational river, with one isolate (genotype 
T4) showing high thermo-tolerance indicative of the 
capacity to cause serious infection. This suggests 
that visitors to such water bodies could be at risk of 
Acanthamoeba-related illnesses (such as keratitis), albeit 
no cases have been reported yet.
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