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Abstract

Free-living amoeba (FLA) research in the Philippines is still in its infancy but has, by far, demonstrated the presence of potentially
pathogenic species. Acanthamoeba may cause sight-threatening and central nervous system infections to humans, yet its epide-
miologic distribution from local environmental sources is yet to be defined. The present study aimed to provide a baseline
epidemiologic distribution of Acanthamoeba spp. in freshwater systems in the Philippines and establish potential pathogenicity
of isolates through thermo-tolerance assay. A total of 63 water samples were collected from 13 freshwater systems all over the
Philippine archipelago. The low-volume (50 ml) water samples were processed and cultured on non-nutrient agar lawned with
Escherichia coli and observed for amoebic growth using light microscopy. Amoebic culture demonstrated 14.28% (9/63)
positivity while further molecular testing of culture-positive plates using Acanthamoeba-specific primers demonstrated 100%
(9/9) confirmation of Acanthamoeba species. Genotyping of Acanthamoeba isolates revealed T1, T3, T4, TS5, T7, T11, and T15
genotypes. Thermo-tolerance assay demonstrated that TS and T7 genotypes were potentially pathogenic strains. The evidence of
environmental distribution of Acanthamoeba spp. in the freshwater systems in the Philippines and thermo-tolerance profile of
isolates are significant aspects of amoeba study in public health and calls for initiatives in the dissemination of relevant infor-
mation and the expansion of knowledge, awareness, and policies on pathogenic waterborne amoeba to mitigate, prevent, detect,
and report cases of human infections.
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Acanthamoeba spp. are ubiquitous organisms that can cause
fatal infections of the central nervous system (CNS)
(Visvesvara et al. 2007). Granulomatous amoebic encephalitis
(GAE) is a rare and fatal brain infection while Acanthamoeba
keratitis (AK) is a sight-threatening infection that has been
reported from different parts of the world (Sun Yu et al.
2004; Khan 2005; Martin-Perez et al. 2017; Jercic et al.
2019; Scheid 2015). In addition, case reports of skin infections
have been documented (Gullet et al. 1979; Zhang and
Pulinthanathu 2016). Several studies have also demonstrated
the ability of Acanthamoeba spp. to carry a wide range of
endocytobionts (e.g., Legionellae, Mycobacteriae, and virus-
es) (Scheid 2015; Guimaraes et al. 2016).

Acanthamoeba spp. have been isolated from a diversity of
manmade and natural spaces as well as animal host and waste
products such as swimming pools (Herrawy et al. 2014), hos-
pital water systems (Cateau et al. 2011), soil (Xuan et al.
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2017), freshwater systems (Mahmoudi et al. 2012), brome-
liads (Landell et al. 2013), fishes (Dykova et al. 1997), and
bat guano (Mulec et al. 2016). Freshwater systems are typical
habitats for Acanthamoeba spp. all over the world where lakes
and rivers serve as lifelines to human communities and play an
important role in the economic, domestic, and recreational
needs of humans (Zuo et al. 2016). The Philippines is abun-
dant in inland freshwater systems, the majority of which are
sites of aquaculture and abound in anthropogenic activities
(Guerrero III 1999; Hagosojos et al. 2020; Milanez et al.
2019). The presence of Acanthamoeba spp., in particular,
pathogenic genotypes in freshwater systems, the abundance
of anthropogenic activities, and the potential presence of path-
ogenic endocytobionts make Acanthamoeba spp. a free-living
amoeba (FLA) of significant public health importance (Scheid
2014).

Despite the significance of Acanthamoeba spp. to public
health, isolation and identification of the same in water
sources may not be sufficient to establish pathogenic potential
as genotypic variations within genotypes and/or species may
exist and can only be defined further through in vitro methods
like pathogenicity testing (Siddiqui and Khan 2012).
Similarly, subgenus identification of Acanthamoeba spp.
may not be enough to establish pathogenicity, because patho-
genic and nonpathogenic species exist within the same sub-
group (Howe et al. 1997). Thermo-tolerance assay has been
widely accepted as an in vitro method to demonstrate the
potential pathogenicity of several genera of FLA (Chomicz
et al. 2015). To date, there are 20 genotypes of
Acanthamoeba that have been reported with only a few dem-
onstrated to be pathogenic to humans (Scheid 2015).

The present study aimed to provide molecular and epide-
miological baseline data on the abundance of Acanthamoeba
spp. isolated in selected freshwater lakes all over the Republic
of'the Philippines and define potential human pathogenicity of
isolates through thermo-tolerance assay.

Methods
Sampling sites

A total of 63 surface water samples were collected from no
more than 30 cm below the water surface from the shorelines
of freshwater lakes and a river in 11 different locations in the
Philippines namely West Pudoc Lagoon, Paoay Lake,
Pantabangan Lake, Bato Lake in Luzon Island; Bito and
Danao Lake in Eastern Visayas Islands; and Maiinit, Lake,
Sebu Lake, Pulangi Lake, Lanao Lake, and Tagunay River
in Mindanao Island and stored in sterile 250-ml polyethylene
containers. Sampling sites were selected based on accessibil-
ity, established shoreline community, and the presence of fish
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farms as evidence of anthroponotic activity (Milanez et al.
2020).

Acanthamoeba spp. isolated from previous study

Six previously reported Acanthamoeba spp. collected from
two water reservoirs, Ipo and Magat dam (insert name of the
sampling sites involved), were included in this study (Milanez
et al. 2020) to assess pathogenicity potential through thermo-
tolerance assay. Aliquots from these samples were pelleted
and cultured in non-nutrient agar (NNA) plates lawned with
Escherichia coli and incubated at 30 °C.

Water sample processing, culture, and microscopy

Water samples were transported to the laboratory, transferred
to falcon tubes, and pelleted at 3000 rpm for 15 min. The
resulting pellets (approximately 1-2 ml) were transferred to
NNA plates lawned with E. coli and incubated at 30 °C.
Culture was performed in triplicate per water sample to ensure
the validity of the examination. Culture plates were observed
daily for 14 days for amoebic growth using a light microscope
(Nikon Eclipse E100) before being declared negative (Page
1988). In detail, culture plates were observed for the presence
of FLA evidenced through observable motile trophozoites and
cystic forms. After which, the agar surface was observed to
identify the best area of growth, marked, and cut approximate-
ly 3 X3 mm using a sterile scalpel blade. The 3 X 3 mm agar
block was transferred upside down onto a new NNA plate
lawned with E. coli and were incubated at 30 °C. This step
was repeated until a homogenous subculture was obtained
(Init et al. 2010).

DNA extraction and molecular analysis

Trophozoites and cysts from positive subculture plates were
harvested as described previously by adding approximately
3.0 ml of phosphate-buffered saline (PBS) solution onto the
agar surface and scraped to detach cells (Milanez et al. 2017).
The suspension was aspirated and transferred into
microcentrifuge tubes, and DNA was extracted using
Macherey-Nagel DNA extraction kit (NucleoSpin®) follow-
ing the manufacturer’s protocol. Primer set JDP1 5'-GGCC
CAGATCGTTTACCGTGAA-3" and JDP2 5'-TCTC
ACAAGCTGCTAGGGAGTCA-3" was used for PCR ampli-
fication with the following cycling conditions: 95 °C for 7-
min initial denaturation, 40 cycles of denaturation at 95 °C for
1 min, annealing temperature of 55 °C for 1 min, extension at
72 °C for 2 min, and a final extension of 72 °C for 15 min
(Booton et al. 2004). DNA was visualized in 1.5% agarose gel
stained with ethidium bromide (5 pl). To identify the
Acanthamoeba genotypes, PCR products were sent to a
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commercial sequencing company (Macrogen, Seoul, South
Korea) for further sequencing.

Thermo-tolerance assay testing

Thermo-tolerance assay was performed on all
Acanthamoeba-confirmed isolates from the present and previ-
ous study based on previously established protocols
(Walochnik et al. 2000). In detail, amoebic cysts were harvest-
ed from plates and were pelleted. Cysts were counted using a
hemocytometer and were brought to a final concentration of
10° cells/ml. One microliter of which was inoculated onto the
center of a new NNA plate lawned with E. coli and incubated
under varying temperatures (30 °C, 37 °C, and 40 °C).
Amoebic growth patterns were observed and documented
for 48 h by observing the expanding migration of trophozoites
as well as the proliferation rate. The persistence of amoebic
growth after 14 days with the number of cysts was used to
evaluate the degree of thermo-tolerance of the isolates.

Limitations of study

Physico-chemical and bacteriologic analyses were not per-
formed on water samples, and molecular analysis was only
conducted on culture positive water samples in this study.

Results
Culture, microscopy, and molecular results

Culture results demonstrated 14.28% (9/63) of the water sam-
ples as positive for amoebic growth. Light microscopy of pos-
itive culture plates revealed cystic stages measuring 10 to
15 pwm in diameter (Fig. 1a—d) exhibiting irregularly shaped
endocyst while trophozoites (Fig. le) demonstrated
acanthopodia which are morphologic criteria consistent with
Acanthamoeba spp..

Polymerase chain reaction (PCR) confirmed all nine iso-
lates from culture-positive plates as Acanthamoeba spp.
through agarose gel electrophoresis using Acanthamoeba ge-
notype TS5 DNA as the positive control (Fig. 2). Sequencing
and BLAST percent similarity of DNA revealed
Acanthamoeba spp. belonging to genotypes T4, T5, and T15
(Table 1). The DNA sequences of isolates LB3-BW, LDO2,
LM13-BW, LM41-SW, LM42-SW, LM43-SW, LM51, LP1-
BW, and WP2BW obtained from this study were deposited in
the GenBank database and are available under accession num-
bers MN685221, MN685223, MN685226, MN685227,
MN685242, MN685244, MN685268, MN685269, and
MNG685270, respectively, while the 6 previously isolated
Acanthamoeba spp. namely IS1BS5, IS4B3, MS45, MS42,

IS2B1, and IS1B2 were registered under accession numbers
MK886460, MK909919, MK905437, MK910997,
MK911021, and MK886514, respectively (Milanez et al.
2020). The overall sampling site prevalence of
Acanthamoeba spp. in the present study was reported at
45% (5/11) where West Pudoc Lagoon and Paoay Lake were
positive for the target organism in Luzon Island at 50% (2/4),
Bito and Danao Lake in Eastern Visayas Islands at 100%
(2/2), and Mainit Lake in Mindanao Island at 20% (1/5).

Thermo-tolerance results

Thermo-tolerance assay results of the present (n =9) and pre-
vious (n = 6) Acanthamoeba spp. isolates demonstrated 100%
(15/15), 93% (14/15), and 47% (7/15) growth at 30, 37, and
40 °C, respectively (Table 1). Five isolates exhibited strong to
very strong growth patterns where MS42 and LM13-BW,
genotypes T7 and T4, respectively, had very strong growth
pattern at 40 °C. In addition, isolates MS45 and IS2B1 be-
longing to genotypes T11 and T3, respectively, also exhibited
growth at 40 °C but were observed to have weaker growth
patterns.

Discussion

Acanthamoeba spp. are ubiquitous and can be considered as a
part of the natural fauna in environmental freshwater systems.
In this study, we present data on water samples collected from
11 significant freshwater systems all over the Philippines plus
new data from isolates coming from two major water reser-
voirs from a previous study (Milanez et al. 2020). Although
culture results of Acanthamoeba spp. in the present study
(14.28%) were in close agreement to data presented by the
neglected, zoonosis, and vector-borne disease research group
in Thailand (15.9%) (Thammaratana et al. 2016), it was lower
compared with detections in Iran (73% and 76%) (Mahmoudi
et al. 2012; Salehi et al. 2019) and in Malaysia (76%) (Mohd
Huassain et al. 2019). The current research results, however,
provided an expanded knowledge on the molecular and epi-
demiologic distribution of Acanthamoeba spp. in freshwater
systems in the Philippines. Acanthamoeba spp. have previous-
ly been reported in Magat and Ipo water reservoir (Milanez
et al. 2020) and Buhi Lake (Hagosojos et al. 2020) in Luzon
Island while this study further expanded the scope of detecting
Acanthamoeba from other freshwater systems in Luzon Island
(West Pudoc Lagoon and Paoay Lake), and for the first time in
Eastern Visayas Islands (Bito and Danao Lake) and Mindanao
Island (Mainit Lake). Relative to freshwater resources, several
studies have validated the potential role of fishes as hosts to a
variety of FLA, which includes Acanthamoeba (Dykova et al.
1997), and further suggest the capacity of fishes to shed cystic
stages through their excrements, as reports of the presence of
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Fig. 1 Photomicrographs of representative cyst stages (a—d) showing characteristic irregular shape endocyst (enc) and ectocyst (ecc) and 4 motile
trophozoite (e) in black arrows isolated in freshwater systems under x 400 magnification

FLA in fish intestine have been previously published
(Laoprasert et al. 2010; Milanez et al. 2017). Freshwater sys-
tems that tested positive for the presence of Acanthamoeba
spp. in the present study were primary sources of livelihood
of the surrounding towns and provinces and abound in anthro-
pogenic activities, which can potentially contribute to and
increase the risk of human infections (Declerck et al. 2007;
Chang et al. 2010).

Pathogenicity testing of isolates through thermo-tolerance
assay demonstrated 47% (7/15) growth at a higher tempera-
ture of 40 °C where three isolates of genotypes T4, T5, and T7
exhibited strong to very strong growth. Genotypes TS5 and T7
are not well recognized as pathogenic genotypes. Although
there have been reports demonstrating the potential pathoge-
nicity of genotype T5 through weak binding capacity to cor-
neal cells in vitro (Khan 2003), a cornea infection in the USA
(Leede et al. 2009), and a case of disseminated cutaneous
infection (Barete et al. 2007). To date, genotype TS is still
categorized as only potentially pathogenic (Twafeek et al.
2016). Similarly, although perspectives on the pathogenicity
of genotype T7 are still not clearly defined, disseminated cu-
taneous infection has been reported (Gullet et al. 1979) as well
as isolation from a keratitis patient in Egypt (Twafeek et al.
2016). Acanthamoeba spp. and its genotypes have demon-
strated a somewhat considerable variation in its response to
pathogenicity assays, which makes in vitro testing difficult to
correlate with actual human-pathogenic capacity (Twafeek
etal. 2016). Four isolates in the present study under genotypes
T1 and T3, which have been established to cause encephalitis
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and keratitis, respectively (Khan 2005), thrived in tempera-
tures of 30 °C and 37 °C but demonstrated no growth at
40 °C. The Acanthamoeba genotype T4 isolates in the present
study demonstrated consistent thermo-tolerance where very
strong growth was observed at 30 to 37 °C and strong to very
strong growth observed at 40 °C, which is in agreement with
previously published thermo-tolerance results (Castro-Artavia
et al. 2017). The existence of pathogenic and non-pathogenic
species or strains within the genus Acanthamoeba has been
reported (Howe et al. 1997), and it calls for expanded patho-
genicity testing using a wider array of assays among all
Acanthamoeba species to update each genotypes’ role in hu-
man infections. The present study provided further evidence
of interspecies variations in terms of potential pathogenicity
within Acanthamoeba genotypes through thermo-tolerance
assay; it also demonstrates the inability of certain variants of
pathogenic genotypes (T1 and T3) to thrive at higher temper-
atures of 37 °C and 40 °C.

Relative to the presence and biology of Acanthamoeba spp.
in freshwater systems, it is important to ponder on the effects
of increasing global and water temperatures as well as water
crisis all over the world due to climate change (DeNicola et al.
2015; Levy and Patz 2015; Walker 2018). The rising sea
levels and salinization of groundwater resources, droughts,
and floods may pave the way for the spread of non-
tuberculous Mycobacteria, Legionella, Campylobacter,
norovirus, and rotavirus to name a few (Walker 2018) as well
as contamination of freshwater resources with Acanthamoeba
from soil run-off due to increased precipitation events (Xuan
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Table 1 Thermo-tolerance assay results, genotypic classification, and associated disease of Acanthamoeba isolates
Isolate Origin Genotype % Similarity Observed growth at* Genotype-associated disease (Khan 2005)
30°C 37°C 40°C
LM13-BW (MN685226) Lake Mainit T4 98% +++ +++ +++ Encephalitis, keratitis
MS42 (MK910997) Magat Dam T7 99% +++ +++ +++ None
LM51 (MN685268) Lake Mainit T5 99% +++ ++ ++ None
LDO2 BW(MN685223)  Lake Danao (Ormoc) T35 98% +++ +++ ++ None
IS1B2 (MK886514) Ipo Dam T4 98% o+ o+ ++ Encephalitis, keratitis
1S2B1 (MK911021) Ipo Dam T3 99% +++ ++ Keratitis
MS45 (MK905437) Magat Dam T11 98% +++ ++ Keratitis
LM41-SW (MN685227)  Lake Mainit T15 99% +++ ++ - None
LM42-SW (MN685242)  Lake Mainit T15 99% +++ ++ - None
LM43-SW (MN685244)  Lake Mainit T15 99% +++ ++ - None
LP1-BW (MN685269)  Lake Paoay T1 98% +++ ++ - Encephalitis
WP2BW (MN685270)  West Pudoc Mash T15 98% +++ + - None
IS1B5S (MK886460) Ipo Dam T3 99% +++ + - Keratitis
1S4B3 (MK909919) Ipo Dam T3 99% +H+ - - Keratitis
LB3-BW (MN685221)  Lake Bito T5 97% +++ ++ - None

*QGrowth patterns: (+++) very strong, (++) strong, (+) weak growth, (—) no observed growth after 14 days

et al. 2017). This may lead to the increased interaction be-
tween a wide variety of Acanthamoeba and
endocytobionts. Similarly, increasing global and water
temperatures have contributed to the increase of certain
protozoan species even at higher elevations (Bebber et al.
2013). Further, increased salt concentrations in freshwater
systems may influence adaptive patterns of osmo-tolerance
in FLA, and increased global and water temperatures may
also influence changes in thermo-tolerance patterns in
amoebic species. Relative to these, great curiosity lies in
the osmo-thermo-adaptive capacity of FLA, in particular
the pathogenic genotypes, and how these hypothesized
evolutionary changes may influence the burden and gravity
of amoebic diseases at present and in the future.

Conclusions

The present study describes (a) the first expanded evidence on
the molecular and epidemiologic distribution of
Acanthamoeba spp. in freshwater systems in the three major
Islands of Luzon, Visayas, and Mindanao in the Philippines
and (b) the first report and interesting observation of high
thermo-tolerance in supposedly non-pathogenic or potentially
pathogenic T5 and T7 genotypes suggesting within-genotype
and/or within-species variation in thermo-adaptive capabili-
ties. There is a need to further evaluate the role of
Acanthamoeba genotypes in relation to human infections
using pathogenicity assays or by being able to document ac-
tual human cases. Potential osmo-thermo-adaptive changes in

.» -.

Fig. 2 Ethidium bromide—stained agarose gel viewed under UV transil-
luminator showing band between 400 and 500 bp. PCR reaction was

achieved using JDP1 and JDP2 primers. M: 1 kb ladder; C: control well;
1: LB3BW; 2: LDO2; 3: LM13BW; 4: LM41SW; 5: LM42SW; 6:

LM43SW; 7: LM51; 8: LPIBW; 9: WP2BW; 10: IS1BS5; 11: IS4B3;
12: MS45; and 13: MS42 (note: lanes 1-9 from present study, lanes
1013 from previous study, IS1B2 and IS2B1 not shown)
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Acanthamoeba spp. as a response to rising global and water
temperatures due to climate change are expected.
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