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ABSTRACT

Acanthamoeba is free-living amoebae and ubiquitous in a wide variety of natural
habitats and human-made environments, including water, soil, and air, and a
opportunistically pathogenic organism that can cause a severe sight-threatening
Acanthamoeba keratitis (AK), and a fatal infection of the central nervous system
(granulomatous amoebic encephalitis, GAE), mortality rate can up to 90%. The
mechanisms associated with the pathogenesis of Acanthamoeba tend to be highly
complex, depending on parasite, host and the environmental factors. Besides, these
amoebae are not only infective to human but also the hosts for other pathogenic bacteria
to multiply in the environments.

In this study, we isolated and characterized Acanthamoeba from water, soils, and
air in the effort to determine the presence and potentially pathogenic Acanthamoeba.
There were 12 water samples from 6 chlorinated swimming pools in Taipei city, 13 soil
samples and 14 air samples were from 6 onion farmlands in Hengchun Township,
Pingtung County and 5 onion farmlands in Checheng Township, Pingtung County. The
samples were then followed by morphology and molecular identification, phylogenetic

and physiologically assays including thermotolerance and osmotolerance
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characterization. Environmental factors in water samples including pH, water
temperature, conductivity, turbidity, hardness, dissolved oxygen, free chlorine, salinity,
total dissolved solids and heterotrophic plate count. Water content, temperature and
heterotrophic plate count in soil samples. Temperature, wind velocity and relative
humidity in air were measured in order to characterize the sampling sites and to
determine how these factors affecting the potentially pathogenicity of isolated
Acanthamoeba by genotyping, thermotolerance and osmotolerance.

In the present study, we discovered Acanthamoeba in six swimming pools (100%),
13 onion farmlands (100%), and only three out of 14 air samples (21.43%). Total 42
isolates of Acanthamoeba are isolated, 26 isolates from swimming pools, 13 isolates
from soil, and three isolates from air samples. The 26 isolates in swimming pools are
belong to Acanthamoeba polyphaga, and genotype T4, there are 12 isolates taken into
thermotolerance and osmotolerance among all, only one isolate from NEIHU swimming
pool cannot growth under 37°C, and 12 isolates cannot growth under 42°C and 52°C, in
osmotolerance, 12 isolates can tolerant and growth up to 1 M mannitol.

In 13 soil isolates, six isolates belong to Acanthamoeba polyphaga and genotype
T4, and the rest 7 isolates belong to Acanthamoeba lenticulata, genotype T5, all 13

isolates were testing for the thermotolerance and osmotolerance, 7 isolates can tolerant
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up to 52°C, two isolates growth under 42°C, and only four isolates growth at 37°C, and
13 isolates cannot growth at 1 M mannitol, but can growth at 0.5 M mannitol.

In three air isolates, two isolates belong to Acanthamoeba polyphaga and genotype
T4, one isolate belongs to Acanthamoeba species, genotype T15, all three isolates were
testing for the thermotolerance and osmotolerance, the 2 isolates can growth at 37°C
besides isolate in HENGCHUN onion farmlands 4, which cannot growth at 37°C, three
isolates cannot growth under 42°C and 52°C, when it comes to osmotolerance, only one
isolate can growth under 0.5 M mannitol and 1 M mannitol, one isolate can growth
under 0.5 M mannitol, and the other isolate cannot growth neither 1 M mannitol nor 0.5
M mannitol.

The pathogenicity based on genotyping, thermotolerance and osmotolerance
revealed the all isolates from swimming pools in present study are genotype T4 and
among the 12 isolates with thermotolerance and osmotolerance, 11 isolates can grew at
37°C and 1 M mannitol. Once the pool isolates contact with human eyes, they can
tolerate body temperatures and osmolarity of tear film. Most of 16 isolates from soil and
air samples indicated weak pathogenicity since these isolates cannot growth under 1 M
mannitol. Acanthamoeba isolates from swimming pools indicated higher potentially

pathogenicity while the potential risk on isolates from soils since isolates can withstand
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at higher temperature.

Key word: Acanthamoeba, keratitis, granulomatous amebic encephalitis, pathogenicity,
PCR, environmental factors, biological indicator, genotype, thermotolerance,

osmotolerance
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Chapter 1  Introduction

1.1 Background

Acanthamoeba are free-living amoebae (FLA), ubiquitous organisms and have been isolated
from soil, water (including natural and treated water), air, and dust. They are opportunistic
pathogens, not only can cause painful, sight-threatening keratitis as well as fatal infections, also act
as carriers and reservoirs for bacteria such as Legionella spp. to result in serious diseases on human
health. Acanthamoeba infections have become increasingly important since the increasing
populations of contact lens users and acquired Immunodeficiency Syndrome, AIDS patients. The
significance of health issue implicated by Acanthamoeba, the distribution and pathogenicity of
Acanthamoeba in the environments are highly important in the rational to develop well therapeutic

interventions since successful treatment requires early and proper diagnosis.

1.2  Literature Review

1.2.1 Biology and distribution of Acanthamoeba

Acanthamoeba are ubiquitous and among the most prevalent protozoa discovered in the
environment (Mergeryan, 1991; Page, 1967; Rivera et al., 1991; Rodriguez-Zaragoza, 1994). They

have been isolated from swimming pools (Gornik et al., 2004; Gianinazzi et al., 2009; Janitschke et



al., 1980; Lyons et al., 1977; Rivera et al., 1983; Rivera et al., 1993; Vesaluoma et al., 1995), tap

water (Kilvington et al. 2004; Rivera et al., 1979), spa (Martinez, 1985; Rivera et al., 1987), hot

spring (Hsu et al., 2009), soils (Kawaguchi et al., 2009; Lorenzo-Morales et al., 2005; Rezaeian et

al., 2008; Tsvetkova et al., 2004) and air (Rivera et al., 1987; Rivera et al., 1994; Rogerson and

detwiler, 1999). The life cycle of Acanthamoeba undergoes two stages: an actively feeding and

dividing trophozoite and a dormant cyst. The trophozoite varies in size ranging from 25 to 40 um

and actively feed on bacteria, algae, yeasts or small organic particles (Bowers, 1977; Bowers and

Olszewski, 1983). Cell division is asexual and occurs by binary fission. However, the

transformation of trophozoite into cyst stage occurs under harsh conditions such as food deprivation,

desiccation, increased osmolarity and extremes in temperatures and pH (Bowers and Korn, 1969;

Byers et al., 1980; Chagla and Griffiths, 1974). A double-walled wrinkled cyst composed of an

ectocyst and an endocyst with the size ranging from 13 to 20 um (Bowers and Korn, 1969). Cysts

are highly resistant to harsh conditions such as low temperatures (0 to 2°C) (Brown and Cursons,

1977), high temperatures (up to 80°C) (Storey et al., 2004), biocides (Lee et al., 2007; Lloyd et al.,

2001; Khunkitti et al., 1997; ), chlorination (De Jonckheere et al., 1976; King et al., 1988;

Kilvington et al., 1990), and antibiotics (De Jonckheere and VVan de VVoorde, 1976; Khunkitti et al.,

1998; Lloyd et al., 2001; Turner et al., 2000). De Jonckheere et al. (1991) indicated that

Acanthamoeba can withstand the extremes in temperature, desiccation and disinfection, which also
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correlates well with the high frequency of their isolations from environments. Besides, cysts can

remain viable for several years while maintaining their pathogenicity (Mazur et al., 1995).

1.2.2 Acanthamoeba as human pathogens

1.2.2.1. Granulomatous Amebic Encephalitis (GAE)

The first clearly identified Granulomatous Amebic Encephalitis (GAE) in humans was
observed by Jager and Stamm (1972). GAE, as an opportunistic disease, is characterized by a
chronic protracted, slowly progressive central nervous system (CNS) infection. GAE occurs in the
host whose metabolic, physiological, or immunological integrity are compromised, and it is
generally associated with the individuals who already have underlying diseases such as human
immunodeficiency virus (HIV) infection or Hodgkin’s disease (Jager et al., 1972; Martinez et al.,
1982; Martinez et al., 1997; Steinberg et al., 2002). Although an enhanced susceptibility to GAE
infection is associated with immune suppression, cases of GAE caused by Acanthamoeba have been
found in immunecompetent children and adults (Ofori-Kwakye et al., 1986; Ringsted et al., 1976;
Sangruchi et al., 1994; Singhal et al., 2001).

There are two possible routes for Acanthamoeba to enter human CNS: by inhalation of
Acanthamoeba through the nasal passage and lung or by the blood. Skin lesions may provide direct

entry of Acanthamoeba into the bloodstream, bypass the lower respiratory tract. Entry of
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Acanthamoeba into the CNS is most likely occurred through the blood-brain barrier (Martinez,

1985; Martinez, 1991).

In Taiwan, the first case of GAE caused by Acanthamoeba castellanii occurs in a previously

healthy farmer (Liang et al., 2010; Sheng et al., 2009). The significance of these studies was to

show the presence of clinically relevant amphizoic amoebae in vegetated farmlands, which may

present a risk to farmers’ health. The risk factors of GAE infection is of major concern in view of (i)

increasing number of immunocompromised persons, (ii) more individuals undergoing

immunosuppressive therapy and excessive use of steroids, and (iii) the global warming which may

add to the ubiquity of these pathogens, and thus a possibility of increased exposure to the

susceptible hosts (Khan, 2008).

1.2.2.2. Acanthamoeba keratitis (AK)

Acanthamoeba keratitis (AK) has become increasingly recognized as important in human

health. AK was first reported by Nagington et al. (1974) in the United Kingdom. Associations of

AK with ocular trauma or contact with contaminated water by Jones et al. (1975) in the United

States.

Incidence rate of AK varies from geographical locations. An incidence rate of 0.33 per 10,000

contact lens wearers was reported in Hong Kong (Houang et al., 2001), 0.05 per 10 000 in Holland
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(Cheng et al., 1999), 0.01 per 10 000 in the USA (Stehr-Green et al., 1989), 0.19 per 10 000 in

England (Radford et al., 2002) and 1.49 per 10 000 in Scotland (Lam et al., 2002; Seal et al., 1999).

However, variations in incidence rate do not reflect the geographical distribution of Acanthamoeba,

and are most likely due to extended wear of soft contact lenses, lack of awareness of the potential

risks associated with wearing contact lenses, enhanced detection, and/or environmental conditions

that promote growth of pathogenic amoebae, e.g. higher water hardness (Radford et al., 2002).

Table 1 indicates the prevalence rate of microbial keratitis, MK caused by Acanthamoeba, the

highest prevalence rate is 31.0%, observed in England and Wales (Radford et al., 2002), followed

by 26.9% in West of Scotland, UK (Seal et al., 1999), and 13.9% in Taiwan (Chen et al., 2004).

High prevalence rate of microbial keratitis caused by Acanthamoeba in Taiwan indicates AK is an

important issue that threatened Taiwanese health.



Table 1 Prevalence of microbial keratitis caused by Acanthamoeba and the risk factors in worldwide

Country Location Study year AK/MK (%)* Risk factors for MK Reference
England and The Royal College Two years' 33/106 Non-contact lens wearers: Radford et
Wales of ophthalmologists data collection (31.0%) 77.8% for a history of minor ocular trauma and/or  al., 2002
set up by the British commenced on eyes having been splashed
Ophthalmic 1 October 1997 11.1% for regularly splashed water into eyes
Surveillance Unit 11.1% for oncurrent uveitis and glaucoma, used an
(BOSU) eye bath
Contact lens wearers:
8% for a history of trauma
3% for a medical indication
6% for concurrent eye disease
West of The Glasgow Eye  May 1st to 14/52 (26.9%) Either of previous chronic ocular surface disease or ~ Seal et al.,
Scotland, and Western December contact lens wear 1999
UK Infirmaries 31st, 1995
Taiwan NTU Hospital, 1987t0 2001 15/108 38.6% for ocular trauma Chen et
Taipei (13.9%) 27.3% for contact lens wear al., 2004



Hong Kong

Ireland

Taiwan

Australia

Hong Kong Eye
Hospital (HKEH)
and the Prince of
Wales Hospital
(PWH)

April 1997 to  6/90 (6.7%)
August 1998

The Royal Victoria September
Eye and Ear 2001 and
Hospital (RVEEH), August 2003
Dublin, Ireland

2/90 (6.1%)

Chang Gung
Memorial Hospital

2000 to 2003  1/20 (5%)

Sydney Eye
Hospital

January 1997  20/426 (4.7%)
and December
2002

Non-contact lens wearers:

48% for previous eye disease

40% for use of antibiotic prior to hospital referral
27% for history of trauma

7% for use of steroid prior to hospital referral

Contact lens wearers:

58% for use of antibiotic prior to hospital referral
7% for previous eye disease

5% for history of trauma

3% for use of steroid prior to hospital referral

41.1 for contact lens wear

21.1 for anterior segment disease
14.4% for ocular trauma

4.4% for systemic disease

1.1% for previous ocular surgery
16.7% were no risk factor identified

Overnight orthokeratology
80% for contact lenses

40% for additional risk factors including poor lens
hygiene

Lam et al.,
2002

Saeed et
al., 2009

Hsiao et
al., 2005

Butler et
al., 2005



Taiwan

Taiwan

The
Netherlands

Hsin-Chu Hospital, 1992 to 2001 22/504
Hsin-Chu; and NTU (4.4%)
Hospital, Taipei

Chang Gung 1998 t0 2002  1/78 (1.3%)
Memorial Hospital,

Taipei

All practicing 3-month period 1/92 (1.1%)

ophthalmologists in in 1996
the Netherlands

New Zealand Auckland Hospital 2 year period 1/98 (1.0%)

South India

Aravind Eye September 33/3183
Hospital and 1999 and (1.0%)
Postgraduate August 2002

Institute of
Ophthalmology,
Tirunelveli, South
India

44.3% for contact lens wear
23.8% for ocular trauma

40.7% for contact lens wear
21.0% for ocular trauma

contact lenses

30% for previous ocular surgery
26% for contact lens wear

25% for topical corticosteroid use
24% for ocular trauma

70.88% for ocular injuries
1.04% for contact lens usage
0.63% for usage of steroids
7.04% for systemic diseases

Fong et
al., 2004

Hsiao et
al., 2007

Cheng et
al., 1999

Wong et
al., 2003

Bharathi et
al., 2007



The
Netherlands

Department of
Ophthalmology of  and December
the Academic 2004

Medical Center

(AMC) in

Amsterdam or to the

Rotterdam Eye

Hospital (REH)

January 2002 0/156 (0%)

36.4% for systemic illness

33.8% for previous ocular surgery
28.6% for recurrent HED

26% for use of topical steroids
20.8% for blepharitis.

van der
Meulen et
al., 2008

2 AK refers to Acanthamoeba keratitis and MK refers to microbial keratitis



Contact lens wearing is the most important risk factor of AK, associated with 100% AK cases

in Australia (Ku et al., 2009), 96% AK cases in New Zealand (Patel et al., 2010) and 89% AK cases

in United States (Verani et al., 2009) In the United States, a dramatic increase in AK cases

paralleled with the growing popularity of soft contact lens during the 1980s (Stehr-Green et al.,

1989), attributable to the use of non-sterile contact lens solutions, swimming with lenses, and

inadequate disinfection on cleaning lenses (Stehr-Green et al., 1989). Contact lens wearers are

80-fold more likely to contract corneal infection than non-contact lenses users (Alvord et al., 1998;

Dart et al., 1991). Indeed, AK cases have increased over the past twenty years (1987-2006)

(Carvalho et al., 2009).

The association between wearing contact lenses and swimming was observed by Stehr-Green

et al. (1989), indicating additional risk factor associated with Acanthamoeba Keratitis is swimming

or bathing in the non-disinfected aquatic environment while wearing contact lens. (Radford et al.,

1998; Visvesvara, 1993).

The major risk factors of AK in developing countries differ from in developed countries, as no

population use of contact lenses in developing countries. It has been identified even non-contact

lens wearers are prone to AK (Sharma et al., 1990; Sharma et al., 2000; Srinivasan et al., 2003). Fall

of dust particles, trauma due to vegetable matter, branch, sawdust in farmers, and contact with

contaminated water, have been found to be predominant risk factors of AK (Kunimoto et al., 2000;
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Lund et al., 1978; Radford et al., 2002; Tien and Sheu 1999). These factors are the major risk

factors epically in farmers with AK. AK cases had been discovered in farmers worldwide (Ma et al.

1981; Manikandan et al., 2004; Srinivasan et al., 2003). The first case of GAE caused by

Acanthamoeba castellanii in Taiwan occurs in a farmer (Liang et al., 2010; Sheng et al., 2009).

There were five onion harvesters in the Heng-Chun Peninsula of southern Taiwan simultaneously

reported suffering from fungal corneal ulcers, in which four out of five cases attributed to ocular

trauma from pieces of onion skin or plant leaves drifted into their eyes while they were harvesting

onions (Lin et al., 1999). Sun et al. (2006) discovered that, among 18 AK patients, six patients had a

history of trauma with vegetative matter or dust, or had been recently exposed to swimming pool

water. Manikandan et al. (2004) discovered half of 32 cases (16/32, 50.0%) were agricultural

farmers and 8 (25.0%) of them were construction workers, injury by an object was the major

predisposing factor (18, 54.2%). Ma et al. (1981) revealed the predisposing factor of two farmers

with AK is trauma, one is caused by branch and another is caused by sawdust.

The first case of AK in Taiwan was reported in 1989 (Tseng et al., 1989). Table 1 indicates the

studies on the prevalence of Acanthamoeba- induced microbial keratitis and the predominant risk

factors in Taiwan. The incidence rate of microbial keratitis (MK) caused by Acanthamoeba in

Taiwan varied from 1.3% to 13.9%; the predisposing factors are contact lens wearing and ocular

trauma and only one case caused by overnight orthokeratology.
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Overall, the above information suggests wearing contact lenses and cornea trauma followed by

exposure to contaminated water, dust or particles are the important risk factors associated with AK.

1.2.3. Methods for characterization the potentially pathogenicity of

Acanthamoeba

1.2.3.1. Genotyping

The classification of Acanthamoeba is continually under revision, following the successful
application of molecular techniques (Booton et al., 2002; Booton et al., 2005; Stothard et al., 1998).
The genus Acanthamoeba has been currently classified into 17 different genotypes based on rDNA
sequence analyses, with a sequence divergence of 5% or more between different genotypes, i.e.
T1-T12 (Stothard et al. 1998), T13 (Horn et al. 1999), T14 (Gast 2001), T15 (Hewett et al. 2003),
T16 (Corsaro and Venditti, 2010), and T17 (Nuprasert et al., 2010). The most common genotype of
Acanthamoeba worldwide is the genotype T4 (Booton et al., 2005), and up to 90% of isolates from
AK patients belong to genotype T4 (Schroeder et al. 2001; Walochnik et al. 2000a, 2000b).
Similarly, T4 has also been the genotype associated with GAE (Liang et al., 2010). However,
genotype T1 (Fuerst et al., 2003), T2 (Maghsood et al., 2005; Walochnik et al., 2008), T3 (Booton et
al., 2009; Ledee et al. 1996; Maghsood et al., 2005; Nagyova et al., 2010; Niyyati et al., 2010;

Sharifi et al., 2010; Stothard et al. 1998; Zhang et al., 2004), T5 (Barete et al., 2007; Lackner et al.,
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2010; Ledee et al., 2009; Spanakos et al., 2006), T6 (Walochnik et al., 2000b), T10 (Fuerst et al.,
2003; Nuprasert et al., 2010), T11 (Khan et al., 2002; Lorenzo-Morales et al., 2011; Niyyati et al.,
2009; Sharifi et al., 2010), T12 (Fuerst et al., 2003) and T15 (Di Cave et al., 2009; Nagyova et al.,
2010; Sharifi et al., 2010) have known been isolated from the specimens of Acanthamoeba-infected
patients and therefore been related with Acanthamoeba diseases. Comparisons between
Acanthamoeba genotypes isolated from the environments and from AK and GAE patients can
provide information on pathogenicity of environmental Acanthamoeba. Table 2 indicates the

genotypes of clinical isolates.

Table 2 A current lists of genotypes and their association with the Acanthamoeba infections

Acanthamoeba  Acanthamoeba Reference

genotypes disease
association
T1 GAE? Fuerst et al., 2003
T2 AKP Maghsood et al., 2005
GAE Walochnik et al., 2008
T3 AK Sharifi et al., 2010; Niyyati et al., 2010; Nagyova et al.,

2010; Booton et al., 2009; Maghsood et al., 2005; Zhang et
al., 2004; Stothard et al. 1998; Ledee et al. 1996
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T4

T5

T6

T7

T8

T9

T10

T11

T12

T13

T14

T15

T16

AK

GAE

AK
GAE

AK

NA®

NA

NA

AK
GAE
AK

GAE

NA

NA

AK

NA

Maubon et al., 2012; Prashanth et al., 2011; Zhao et al.,
2010; Sharifi et al., 2010; Nagyova et al., 2010; Gatti et al.,
2010; Chusattayanond et al., 2010; Abe and Kimata, 2010;
Niyyati et al., 2009; Ledee et al., 2009; Di Cave et al., 2009;
Booton et al., 2009; Yera et al., 2008; Ozkoc et al., 2008;
Ertabaklar et al., 2007; Spanakos et al., 2006; Maghsood et
al., 2005; Zhang et al., 2004; Sharma et al., 2004; Khan et
al., 2002

Liang et al., 2010

Ledee et al., 2009; Spanakos et al., 2006
Lackner et al., 2010; Barete et al., 2007

Walochnik et al., 2000

Nuprasert et al., 2010

Fuerst et al., 2003

Lorenzo-Morales et al., 2011; Sharifi et al., 2010; Niyyati et
al., 2009; Khan et al., 2002

Fuerst et al., 2003

Sharifi et al., 2010; Nagyova et al., 2010; Di Cave et al.,
2009
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T17 NA

8 GAE - Granulomatous Amebic Encephalitis
® AK - Acanthamoeba keratitis

° NA - no Acanthamoeba disease has been found

1.2.3.2. Thermotolerance testing

Once Acanthamoeba contact with human, they can tolerate body temperatures and growth with
human body. Strains of Acanthamoeba that have the ability to grow or tolerate human body
temperature (37°C and slightly higher) might infect humans, which is an important factor in
pathogenicity (Khan and Tareen, 2003). Walochnik et al. (2000b) examined the thermotolerance of
clinically relevant strains of Acanthamoeba and concluded that potentially pathogenic strains
isolated from AK have high temperature tolerance (42°C). Khan et al. (2001) tested nine isolates
including pathogenic and nonpathogenic Acanthamoeba, and their results showed that all
Acanthamoeba spp. grew at temperatures below 35°C, but only the pathogens grew at higher
temperatures (37°C — 42°C). Table 3 summarizes the criteria of thermotolerance testing on the
potential pathogenicity of Acanthamoeba isolated from environments. Three studies considered
Acanthamoeba as pathogenic Acanthamoeba when they can grow at 37°C (Khan and Tareen, 2003;
Kilic et al., 2004; Lorenzo-Morales et al., 2006). Moreover, study was tested environmental

Acanthamoeba at 37°C and 42°C and indicated that only pathogens can grow. Chan et al. (2011)
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also tested the pathogenicity of Acanthamoeba grow at four different temperatures 37°C, 42°C.
46°C and 52°C (overnight prior to incubations at ambient temperature (26 + 2°C), and they
considered Acanthamoeba that can survive and grow in human bodies which have an average body
temperature of 37°C, and are therefore considered as potential human pathogenic isolates.

Growth at temperature 37°C and higher than 37°C as the hallmark of pathogenic
Acanthamoeba. The above studies show the ability of Acanthamoeba to grow at higher temperature
(> 37°C) correlated with the pathogenicity of Acanthamoeba isolates (Khan et al., 2001), and
provide a good indicator on the pathogenic potential. Thus, we tested the response of

Acanthamoeba isolated in present study at temperatures of 30°C (as control), 37°C, 42°C and 52°C.
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Table 3 Criteria of thermotolerance testing on potential pathogenicity of Acanthamoeba

Culture condition Temperature tested  Incubation Control group Growth assessment Reference
period

Each plate was centrally 37°C, 42°C, 46°C, and 7 days A pathogenic strain of ~ All plates were examined  Chan et al.,
placed with a small NNA 52°C (overnight prior A. castellanii (ATCC  daily for migrating and 2011
block saturated with cysts of to incubation at 50492, originally from proliferating trophozoites
Acanthamoeba isolates ambient temperature AK) for 7 days.

(26+2°C)
A single trophozoite was 37°C and 42°C NA? NA Negative and positive for  Gianinazzi
transferred to a fresh NNA Acanthamoeba etal., 2010

plate coated with
heat-inactivated (1 h at 60°C)

E. coli

Trophozoites were transferred 37°C and 42°C 10days  Acanthamoeba The number of trophozoites Caumo et
(at 10° trophozoites/plate) to trophozoites of each or cysts seen, about 20 mm  al., 2009
the centers of fresh plates of isolate was incubated at from the center of each

1.5% NNA with overlayer of 30°C (as a control) plate, in five microscope

E. coli suspension fields at x100 were counted,

with counts of 0, 1 — 15,

16 — 30 and > 30 being
scoredas —, +, ++
and + ++, respectively.
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Acanthamoeba isolates were 37°C NA
inoculated on NNA overlaid
with K. aerogenes

Acanthamoeba were 37°C 96 h
inoculated onto NNA overlaid
with K. aerogenes

Acanthamoeba isolates were 37°C 72h
inoculated on NNA overlaid
with K. aerogenes

NA

NA

NA

Negative and positive for
Acanthamoeba

Growth of organisms was
determined by measuring
the diameter of clearing
zones in the bacterial lawn

By measuring the diameter
of clearance in the bacterial
lawn

Lorenzo-Mo
rales et al.,
2006

Kilic et al.,
2004

Khan and
Tareen,
2003

4 Not available
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1.2.3.3. Osmotolerance testing

The tear film, a layer of moisture which covers the eye, is the defense mechanism against outer

objectives not only to protect the eyes but also maintain ocular moisture. Acanthamoeba are

exposed to high osmolarity when they contact with tear film of human corneal. Acanthamoeba must

withstand the osmotic stress and exhibit the growth for successful infection. The osmolarity of tear

film has been reported to be averaged 304.4 + 0.4 mOsmol/L with a range between 299 to 309

mOsmol/L (Gilbard and Rossi 1994; Gilbard 1994)

Once the pool isolates contact with human eyes, they can tolerant osmolarity of tear film and

growth in human body. A correlation between osmotolerance (Khan 2001; Khan et al., 2002; Khan

and Tareen, 2003) and pathogenicity of Acanthamoeba has been demonstrated. Khan et al. (2002)

found that some pathogenic strains isolated from AK patients (Genbank assession number:

AF239301, AF239303, AF239304, AF239305and AF239300) were all osmotolerantto 1 M

mannitol in NNA, whereas1M mannitol equals to 0.25 osmolar, equal to 250 mOsmol/L (Khan and

Tareen, 2003). The growth of non-pathogens (A. palestinensis, A. polyphaga CCAP 1501/3C, A.

comandoni and A. astronyxis) was inhibited by 1 M mannitol. This suggests that pathogenic

Acanthamoeba are able to grow at higher osmotic stress.

In terms of the methodology, Table 4 summarizes the criteria of osmotolerance testing on the

potentially pathogenicity of Acanthamoeba isolated from environments. Khan and Tareen (2003)
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discovered that pathogenic A. polyphaga ATCC30871 exhibit clearance in bacteria lawn of agar

contain 1 M mannitol while non-pathogenic A. polyphaga CCAP 1501/3c was not able to grow.

Kilic et al. (2004) determined that 12 out of 18 environmental isolates (66.6%) exhibited the growth

at high osmolarity (1 M mannitol) and considered these isolates as potential pathogenic.

Additionally, 5 out of 18 (27.7%) exhibited few trophozoites and limited growth and considered as

weak potential pathogens, while one isolate (5.5%) exhibited no growth and was considered as

non-pathogenesis. Lorenzo-Morales et al. (2006) and Chan et al. (2011) also tested the ability to

growth at 1 M mannitol to differentiate the pathogenicity of environmental Acanthamoeba. Besides,

Caumo et al. (2009) tested the ability to growth not only at 1 M mannitol but 0.5 M mannitol to

differentiate pathogenicity of Acanthamoeba in environmental isolates.

Growth at osmolarity level 1 M mannitol is the hallmark of pathogenic Acanthamoeba. The

above studies shown the ability of Acanthamoeba to grow at higher osmolarity (1 M mannitol)

correlated with the pathogenicity of Acanthamoeba isolates (Khan 2003), and can be used as an

indicator on the pathogenic potential of Acanthamoeba. Thus, we assessed the response of isolated

Acanthamoeba at various osmolarity levels in non—nutrient agar (NNA) containing including 0 M

mannitol (as control), 0.5 M mannitol, and 1 M mannitol.
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Table 4 Criteria for osmotolerance testing on potentially pathogenicity of Acanthamoeba

Culture condition Incubation  Incubation Control group Growth assessment Reference
temperature  period
Small agar blocks containing 26 +2°C 7 days A pathogenic strain of ~ All plates were examined daily Chan et al.,
Acanthamoeba cysts were placed A. castellanii (ATCC  for migrating and proliferating 2011
centrally on NNA culture plates 50492; originally from trophozoites for 7 days.
incorporated with 1M D-mannitol AK), was used as
positive control.
Trophozoites were transferred (at  30°C 10 days  Acanthamoeba Number of trophozoites or cysts Caumo et
10° trophozoites/plate) to the trophozoites of each seen, about 20 mm from the al., 2009
centers of fresh plates of 1.5% isolate was incubated at center of each plate, in five
NNA containing no mannitol (as a 1.5% NNA containing microscope fields at x100 were
control) or 0.5 or 1.0 M mannitol, no mannitol counted, with counts of 0, 1 —
each with the overlayer of E. coli 15, 16 — 30 and > 30 being
suspension scored —, +, ++ and ++
-+, respectively.
Acanthamoeba isolates were 30°C NA?® NA Negative and positive for Lorenzo-Mo
inoculated on NNA overlaid with Acanthamoeba rales et al.,
K. aerogenes and containing 1M 2006

mannitol
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Acanthamoeba were inoculated on 30°C 96 h NA
NNA overlaid with K. aerogenes
and containing 1 M mannitol

Acanthamoeba isolates were 30°C 72h NA
inoculated on NNA overlaid with

K. aerogenes and containing 1M

mannitol

Growth of organisms was Kilic et al.,
determined by measuring the 2004
diameter of clearing zones in the

bacterial lawn

By measuring the diameter of  Khan and
clearance in the bacterial lawn  Tareen,
2003

2 Not available
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1.2.3.4. Studies on potentially pathogenicity of Acanthamoeba isolated from the

environments

Genotyping, thermotolerance and osmotolerance are the indicators in characterizing the
potentially pathogenicity of Acanthamoeba. Characterizations the potentially pathogenicity of
Acanthamoeba isolated from environments are by comparisons between genotypes of
Acanthamoeba isolated from environments and with the genotypes of Acanthamoeba isolated from
AK or GAE patients. To date, genotypes T1, T2, T3, T4, T5, T6, T10, T11, T12 and T15 had known
been isolated from the specimens of Acanthamoeba-infectious patients. Thus Acanthamoeba
isolates from environments are considered as potentially pathogenic if the genotype of
environmental isolate belongs to T1 (Fuerst et al., 2003), T2 (Maghsood et al., 2005; Walochnik et
al., 2008), T3 (Booton et al., 2009; Ledee et al. 1996; Maghsood et al., 2005; Nagyova et al., 2010;
Niyyati et al., 2010; Sharifi et al., 2010; Stothard et al. 1998; Zhang et al., 2004), T4 (Liang et al.,
2010; Schroeder et al. 2001; Walochnik et al. 2000a, 2000b), T5 (Barete et al., 2007; Lackner et al.,
2010; Ledee et al., 2009; Spanakos et al., 2006), T6 (Walochnik et al., 2000), T10 (Fuerst et al.,
2003; Nuprasert et al., 2010), T11 (Khan et al., 2002; Lorenzo-Morales et al., 2011; Niyyati et al.,
2009; Sharifi et al., 2010), T12 (Fuerst et al., 2003) and T15 (Di Cave et al., 2009; Nagyova et al.,
2010; Sharifi et al., 2010).

Growth at high temperature (usually higher than 37°C) and high osmolarity (usually higher
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than 1 M mannitol) are also the potentially pathogenic indicators for Acanthamoeba. Previous
studies have shown that the ability of Acanthamoeba to grow at high temperature (37°C) (Chan et
al., 2011; Gianinazzi et al., 2010; Lorenzo-Morales et al., 2006; Kilic et al., 2004) and high
osmolarity (1 M mannitol) correlated with the potentially pathogenicity of Acanthamoeba isolates

(Chan et al., 2011; Caumo et al., 2009; Lorenzo-Morales et al., 2006; Kilic et al., 2004).

1.2.4. Environmental factors affecting Acanthamoeba presence in water

Rodriguez-Zaragoza (1994) indicated that the water parameters including pH, water
temperature, and suspended particles that influence on the structure of amoebae communities and
might affect their survival in aquatic environments, since amoebic resistance is dependent on cyst
formation and trophozoite capacity for tolerating salinity, osmotic pressures. Another study also
observed fecal coliform bacteria would contribute to the presence or concentrations of amoeba in
aquatic habitats (Ettinger et al. 2003).

However, in terms of Acanthamoeba (Table 5) other previous studies indicated no apparent
relationship between the presences of Acanthamoeba and two environmental factors, i.e. pH
(Caumo et al., 2009; Huang and Hsu, 2010; Kao et al., 2011; Kawaguchi et al., 2009) and turbidity
(Huang and Hsu, 2010; Kao et al., 2011; Kawaguchi et al., 2009). As for hardness, Radford et al.

(2002) revealed that significant trend towards an increased incidence of AK with increasing
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hardness of water supply. Behets et al. (2007) indicated Acanthamoeba were able to dominate when
conductivity > 2000 pS/cm?. There is no statistical correlation between water temperature and
Acanthamoeba detection (Behets et al., 2007; Caumo et al., 2009; Huang and Hsu, 2010;
Kawaguchi et al., 2009). However, Kao et al. (2011) revealed that an increase in water temperature
was significantly with the presence of Acanthamoeba (p=0.001). In terms of disinfectant, Caumo et
al. (2009) indicated no statistical significant (P > 0.05) between free chlorine concentration and
presence or absence of Acanthamoeba. As for heterotrophic plate count (HPC), Kao et al. (2011)
indicated no relationship significant between Acanthamoeba presence and HPC level, while Huang
and Hsu. (2010) revealed the significant differences (Mann-Whitney U Test, p < 0.05) were
observed in the HPC of samples that did and did not contain Acanthamoeba, but only when
Acanthamoeba detected by combined two analytic methods were considered. Until now, no studies
revealed the relationship between environmental factors and the potentially pathogenicity of

Acanthamoeba.
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Table 5 Studies on associations between environmental factors and presence of Acanthamoeba in aquatic environments

Environmental Sampling site Results of tested environmental factors Conclusion Reference

Factors Mean Range

pH Puzih and Kaoping Riverin ~ APS% 7.8:+0.34 APS:7.01-8.22 No significant Kao et al.,
southern Taiwan ANS®: 7.9+0.36 ANS: 6.65-8.76 (p = 0.087). 2011
Tap water from houses in 7.98+£1.04 6.1-10.9 Bonilla-Le
Mexico City mus et al.,

2010

Spring, hot spring, and waste NA° NA No significant Huang and
water in northern Taiwan differences. Hsu, 2010
Heated and unheated NA Heated swimming pools: No significant Caumo et
swimming pools in Brazilian 7.2-8.2 (P >0.05) al., 2009
state. Unheated pools: 7.0-8.2
River water from public parks 7.22 £ 0.75 NA No statistical Kawaguchi
in Sapporo City correlation. etal., 2009
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Turbidity Puzih and Kaoping River in  APS: 117.9+86.79
(NTU) southern Taiwan ANS: 124.8+377.08

Spring, hot spring, and waste NA
water in northern Taiwan

River water from public parks 5.28 + 6.28

in Sapporo City
Hardness No sampling (Epi study) NA
(mg/L as
CaCOg)

Conductivity Tap water from houses in 499.16+241.06
(uS/cm) Mexico City

27

APS: 10-289
ANS: 11-5,000

NA

NA

NA

159-866

No significant
(p = 0.665).

No significant
differences.

No statistical
correlation.

Significant trend
towards an increased
incidence of
Acanthamoeba
keratitis (AK) with

increasing hardness of

water supply

Kao et al.,
2011

Huang and
Hsu, 2010

Kawaguchi
etal., 2009

Radford et
al., 2002

Bonilla-Le
mus et al.,
2010



Water
temperature
(’C)

Water in Belgian electrical

power plants

Puzih and Kaoping River in

southern Taiwan

Tap water from houses in

Mexico City

Spring, hot spring, and waste
water in northern Taiwan

River water from public parks

in Sapporo City

Heated and unheated

swimming pools in Brazilian

state.

The mean

conductivity of the
108 other samples was 3,820 to 9,350

824+271

APS: 29.2+3.56
ANS: 25.3+4.46

22.44+3.63

NA

20.31+4.27

NA

28

Conductivity of all 15

Conductivity > 2000

Rdh samples ranged from pS/cm?,

APS: 20.3-32.5
ANS: 18.4-33.2

16-34

NA

NA

Heated swimming pools:
23-35
Unheated pools: 14-26

Acanthamoeba are
able to dominate.

Significantly with
absence of
Acanthamoeba

(p =0.001).

No significant
differences.

No statistical
correlation.

No significant affect
(P >0.05).

Behets et
al., 2007

Kao et al.,
2011

Bonilla-Le
mus et al.,
2010

Huang and
Hsu, 2010

Kawaguchi
et al., 2009

Caumo et
al., 2009



Dissolved
Oxygen
(mg/L)

Free chlorine
concentration

(mg/L)

Heterotrophic

plate count,
HPC
(CFU/mL)

Water in Belgian electrical
power plants

Tap water from houses in
Mexico City

Tap water from houses in
Mexico City

Heated and unheated
swimming pools in Brazilian
state.

Puzih and Kaoping River in
southern Taiwan

Spring, hot spring, and waste
water in northern Taiwan

24.99+3.84

3.32+0.72

0.24+0.33

NA

APS:

3.1x10*+3.98x10*
ANS:3.7x10%+1.08x1

0°
NA

17.3-35.2

2.0-4.8

0.0-1.14

Heated swimming pools:
1.0-4.0
Unheated pools: 1.0-4.0

APS: 885-2.05x10°
ANS: 50-1.09x10°

NA

No correlation was
revealed.

No significant
(P >0.05)

No significant
(p=0.071)

Significant differences
were observed
between the
Acanthamoeba-positiv
e and the negative

Behets et
al., 2007

Bonilla-Le
mus et al.,
2010

Bonilla-Le
mus et al.,
2010
Caumo et
al., 2009

Kao et al.,
2011

Huang and
Hsu, 2010
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samples for HPC (p =
0.049935), but only
when combined PCR
and culture methods

# APS: Acanthamoeba-positive samples.
® ANS: Acanthamoeba-negative samples.

© Not available
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1.2.5. Environmental factors affecting Acanthamoeba in soil
The occurrence of Acanthamoeba in soil may be contributed to the cysts form of
Acanthamoeba, which was important for the presence and survival of Acanthamoeba in stressful
condition. There are no studies on associations between environmental factors and presence of
Acanthamoeba in soil. For this reason it is of interest to study Acanthamoeba in the soil, along with
the environmental conditions favoring their survival, so as to formulate more effective control
measures. Until now, the relationships between the environmental factors and the abundance of

Acanthamoeba are still inconsistent and unclear.

1.2.6. Environmental factors affecting Acanthamoeba in air
The occurrence of Acanthamoeba in air may be contributed to the cysts form of Acanthamoeba,

which was important for the presence and survival of Acanthamoeba in stressful condition. Table 6
illustrates the studies on associations between environmental factors and presence of amoeba or
Acanthamoeba in air. Rivera et al. (1994) mentioned that the main source of air-borne amoebae was
from the soil, and the factors favored the incidence and diversity of amoebae were wind speed and
wind direction, low relative humidity, generation of frequent dust-storms, re-suspension of amoebae
by vehicular traffic, and large extensions of bare soil. Rodriguez-Zaragoza and Magana-Becerra.

(1997) indicated that the isolations of Acanthamoeba were more abundant during the dry season and

31



the sanitary conditions may enhance the proportion of pathogenic strains in the surroundings. For
this reason it is of interest to study which amoeba species or other protozoa are scattered by the air,
along with the environmental conditions favoring their dispersal, so as to formulate more effective
control measures. Until now, the relationships between the environmental factors and the abundance

of Acanthamoeba are still inconsistent and unclear.
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Table 6 Studies on associations between environmental factors and presence of amoeba or Acanthamoeba in air

Environmental Sampling site Conclusions Reference

Factors

Soil South Dakota School of All the protozoa sampled were typical soil forms suggesting that Rogerson and
Mines and Technology most of the particles sampled in this study were derived from Detwiler, 1999
campus, Rapid City soils
Mexico City and its The main source of air-borne amoebae was the soil Rivera et al., 1994
metropolitan area

Wind South Dakota School of Generally, more soil particles and protozoa are in the air on Rogerson and
Mines and Technology windier days Detwiler, 1999
campus, Rapid City

Wind velocity  Mexico City and its Significant correlations were found between wind velocity (r = Riveraetal., 1994
metropolitan area 0.79; p< 0.05) and number of isolated amoebae

Rain South Dakota School of Rainfall can have a strong influence since rain washes protozoan Rogerson and

Mines and Technology
campus, Rapid City

City of San Luis Potosi,
Mexico

cysts out of the air and ground moisture prevents their
resuspension into the air by wind currents

More than 60% of the Acanthamoeba were isolated during the
hottest and driest months (April to May)
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Relative
Humidity

Temperature

Dust-storms

Vehicles

City of San Luis Potosi,
Mexico

Mexico City and its
metropolitan area

City of San Luis Potosi,
Mexico

Mexico City and its
metropolitan area

Mexico City and its
metropolitan area

Mexico City and its
metropolitan area

More than 60% of the Acanthamoeba were isolated during the ~ Rodriguez-Zaragoza

hottest and driest months (April to May). and
Magana-Becerra,
1997

The highest presence of Acanthamoeba during the months of less Rivera et al., 1994

relative humidity may be explained due to the cellulose content

of the cyst wall that make these amoebae more resistant to

dehydration

More than 60% of the Acanthamoeba were isolated during the  Rodriguez-Zaragoza
hottest and driest months (April to May. and
Magana-Becerra,
1997
Non-significant correlations were found between wind velocity (r Rivera et al., 1994
=-0.03; P > 0.05) and number of isolated amoebae

This station was the most exposed to air currents which generate Rivera et al., 1994
dust-storms that travel from the north and northeast of the city to
the south

Heavy vehicular traffic in the area which may cause the Rivera et al., 1994
resuspension of microorganisms
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Trash dump City of San Luis Potosi, The higher incidence was found in the suburban and urban zones Rodriguez-Zaragoza

Mexico because they share common sanitary conditions such as waste  and
disposed Magana-Becerra,
directly on the streets 1997
Mexico City and its This station lies in close proximity to an open-air trash dump and Rivera et al., 1994
metropolitan area to large areas of bare soil both of which may provide a source of
amoebae
Large areas of  City of San Luis Potosi, The higher incidence was found in the suburban and urban zones Rodriguez-Zaragoza
bare soil Mexico because they share common sanitary conditions such as lack of  and
pavement Magana-Becerra,
1997
Mexico City and its This station lies in close proximity to an open-air trash dump and Rivera et al., 1994
metropolitan area to large areas of bare soil both of which may provide a source of
amoebae
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1.3. Rationales of this study

Swimming pools are one of the recreational water environments that people often contact with
in their daily life activities. AK occurs through wearing contact lenses while bathing or swimming
in contaminated aquatic environment (Khan and Tareen, 2003; Marciano-Cabral and Cabral, 2003;
Martinez and Visvesvara, 1997; Parija et al., 2001; Radford et al., 1998; Schuster and Visvesvara,
2004; Sharma et al., 2000). The risk of AK is greater when wearing contact lenses while swimming
(Stehr- Green et al., 1987). Besides, it was reported that Acanthamoeba being the most prevalent
species in swimming pool waters, and a relatively high percentage of the amoebae in swimming
pool water is pathogenic compared to the population in other waters (Khan 2006). The study from
De Jonckheere and Van de Voorde (1976) discovered pathogenic Acanthamoeba strains were much
more resistant to chlorine compared to those nonpathogenic.

Onion farmlands located in Hengchun and Checheng Townships of Pingtung County, where
generated autumn tempest from October to April. Wind velocity of the autumn tempest ranging
from 10 to 17 m/s, acting just like tropical storm or seldom typhoon. The autumn tempest not only
generates bioaerosols transported in the air easily but brings the particulate, vegetative matter or
dust that can result in trauma on the eyes. Onion harvesters in the HengChun Peninsula of southern
Taiwan simultaneously reported suffering from fungal corneal ulcers may attribute to ocular trauma

caused by pieces of onion skin or plant leaves that drifted into their eyes while they were harvesting
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onions (Lin et al., 1999). Trauma has been known to the major risk factors especially in farmers

with AK (Ma et al., 1981; Manikandan et al., 2004; Sun et al., 2006).

Acanthamoebidae may be more favored for aerial dispersal due to the cyst formation. The field

survey on pathogenicity of Acanthamoeba in farmlands is important, since the autumn tempest can

not only generate bioaerosols transported in the air but bring the particulate, vegetative matter or

dusts that can result in trauma on the eyes, which could present a lethal threaten to farmers’ health.

Besides, previous studies indicated the predisposing factors of AK are contact lens wearers and

ocular trauma in Taiwan (Chen et al., 2004; Fong et al., 2004; Hsiao et al., 2007).

There is no information for the potentially pathogenicity of Acanthamoeba in swimming pools

and onion farmlands of Taiwan and thus swimming pools and onion farmlands are the environments

undertaken to assess the potential of Acanthamoeba infections. Therefore, this study was carried out

to detect potentially pathogenicity of Acanthamoeba by genotype, thermotolerance and

osmotolerance from swimming pools and onion farmlands in order to provide public health

information in Taiwan.
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Chapter 2  Objectives of the Study

2.1. Identify Acanthamoeba species and genotypes isolated from chlorinated swimming pools in
Taipei City and onion farmlands in Pingtung County.

2.2. Characterize the potentially pathogenicity of Acanthamoeba based on genotypes,
thermotolerance and osmotolerance.

2.3. Assess the influence of environmental factors on the distribution of potentially pathogenic

Acanthamoeba.
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Chapter 3 Framework of the study

To accomplish the aims of the present study, identify Acanthamoeba species and genotypes

isolated from chlorinated swimming pools and onion farmlands with characterizations of the

potentially pathogenicity on Acanthamoeba isolates through genotypes, thermotolerance and

osmotolerance. Further assess on the influence of environmental factors on the distribution of

pathogenic Acanthamoeba. The study skeleton is shown as below.

3.1. Sampling from swimming pools and onion farmlands

Water sampling from 6
swimming pools

4

A

Soil sampling from 11
onion farmlands

Air sampling from 11
onion farmlands

|

l

3 L of water was sampled
from each swimming pool
and pooled together as
sample |

3 L of water was sampled
from each swimming pool
and pooled together as
sample 11

Each farmland were

divided into none squares,

and soils sampled from
five squares are pooled
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Figure 2 Identification and characterization of Acanthamoeba pathogenicity from swimming pools

and onion farmlands
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Chapter 4 Material and Methods
4.1. Culture medium and buffer solution

4.1.1 Preparation of Page’s Amoeba Saline (PAS)

Table 7 Composition of PAS (Page, 1988)

Chemical reagents Concentration Quantity
NaCl 02M 1209
MgSO,-7H,0 0.001 M 0.04¢
CaCl, 0.0036 M 0.04¢
NayHPO, 0.0568 M 1429
KH,PO, 0.999 M 1.36 g

The chemical reagents are shown in Table 7. NaCl (Sigma-Aldrich (31434), USA),
MgSO,4-7H,O (J.T.Baker (2500-01), USA), CaCl, (Sigma-Aldrich (C3306), USA), Na,HPO,
(Sigma-Aldrich (30427), USA), KH,PO, (J.T.Baker (3246-01), USA) were separately added into
100 mL deionized water to prepare the stock solutions. Afterwards, 10 ml of each stock solution
were mixed with 950 ml of deionized water to make the total volume of 1 L, which was stored at

room temperature after autoclaved at 121°C for 20 minutes.

4.1.2. Preparation of ATCC medium 712

Table 8 Composition of ATCC medium 712

Chemical reagents Concentration Quantity or Volume
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Proteose peptone 20049

Yeast extract 109
MgSO, 04 M 10.0 mL
CaCl, 0.05M 8.0 mL
Fe(NH4)2(SO4),-6H,0 0.005 M 10.0 mL
Na,HPO,4-7H,0 0.25 M 10.0 mL
KH,PO, 0.25M 10.0 mL
Sodium citrate 0.1M 34.0 mL
Glucose 2M 50.0 mL

Proteose peptone (20 g) and Yeast extract (1g) were well-mixed with 950 ml deionized water
and autoclaved at 120 °C for 20 minutes with MgSO, (J.T.Baker (2506), USA), CaCl,
(Sigma-Aldrich  (C3306), USA), Fe(NH4),(S04),-6H,0 (Sigma-Aldrich (203505), USA),
Na;HPO,4-7H,0O (Sigma-Aldrich (30427), USA), KH,PO, (J.T.Baker (3246-01), USA), Sodium
citrate (3646-01), USA), glucose (Sigma-Aldrich (G7021), USA), proteose peptone (Sigma-Aldrich
(P0431), USA) and yeast extract (BD Bacto (212750), USA) were prepared separately and
sterilization at 121°C for 20 minutes. After the sterilization, the salts were mixed with the 950 ml
solution containing Proteose peptone and Yeast extract. The 2 M Glucose were well mixed into the
medium through the 0.22-pum pore size aseptic filtration (Millipore, Bedford, MA) and dispensed to
the 50ml sterile centrifuge tubes. The tubes were placed at room temperature overnight and checked

for sterilization. The ATCC medium 712 was stored at 4°C.
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4.1.3. Nutrient Agar (NA)

The 23 g of NA powder (BD Bacto (213000), USA) was suspended in 1 L of deionized water
and mixed thoroughly. After autoclaved at 121°C for 20 minutes, the agar was dispersed into 90 mm

petri dishes and stored at 4°C.

4.1.4. R2A agar

The 18.2 g of R2A Agar powder (Difco™ R2A Agar (299436), BD, USA) was suspended in 1
L of deionized water and mixed thoroughly. After autoclaved at 121°C for 20 minutes, the agar

were dispersed into 90 mm petri dishes and stored at 4°C.

4.1.5. Non-Nutrient agar (NNA)
The 15 g of bacteriological agar (Difco™ R2A Agar (214010), BD, USA) was suspended in 1
L of PAS and mixed thoroughly. After autoclaved at 121°C for 20 minutes, the agar were dispersed

into 90 mm petri dishes and stored at 4°C.

4.1.6. Preparation Non-Nutrient agar containing 0.5 M mannitol and 1M

mannitol

Non-nutrient agar containing 0.5 M mannitol were made with 15 g of bacteriological agar and
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91.085 g D-mannitol (Sigma-Aldrich (M4125), USA) were thoroughly dispersed in 1 L of PAS,
then sterilization by autoclaving at 121°C for 15 minutes, and dispersed into 90 mm petri dishes
and stored at 4°C. Non-nutrient agar containing 1 M mannitol were made with 15 g bacteriological
agar and 182.17 g D-mannitol were thoroughly dispersed in 1 L of PAS, then sterilization by

autoclaving at 121°C for 15 minutes, and dispersed into 90 mm petri dishes and stored at 4°C.

4.1.7. NNA plates seeded with heat-killed E.coli (heat-killed E.coli/NNA plate)
All E.coli colonies on NA were recovered with a sterile swab, suspended in 2 mL of sterile
PAS and heated at 70°C for 2 hours (Lanocha et al., 2009). Using a sterile plastic Pasteur pipette,
three drops of heated E. coli suspension was inoculated on to the center of a NNA plate. E. coli

were spread evenly over the surface of the agar using a sterile hockey stick or swab.

4.1.8. Preparation of 1X Tris-acetate-EDTA (TAE) buffer
The 20 mL of 50X TAE buffer (UltraPure™ (24710-030) USA) was diluted with 980 mL

deionized water, and the bottle of 1X buffer solution was stored at room temperature.

4.1.9. Preparation of 1.5 % gel

For 1.5 % gel, 0.75 g agarose (SeaKem® LE Agarose) was adding to 50 mL 1x TAE buffer,
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and the solution was heated to boiling in the microwave to dissolve the agarose. The two dams were
put into the slots on each side of the gel plate. The gel was then cooled to temperature that could
hold the bottle with bare hands before pouring the melted agarose onto the gel plate in the

eletrophoresis box. The dams and the comb were removed carefully when the gel was solid.

4.2. Microbial strains and preparation

Acanthamoeba polyphaga (ATCC30461), obtained from the American Type Culture Collection,
was originally isolated from human corneal scrapings of a case of AK (Visvesvara et al., 1975) and
therefore identified as potentially pathogenic strain in the present study. A. polyphaga (ATCC30461)
were transferred in ATCC medium 712 and incubated at 25°C for 7 days and repeated this procedure
every week.

A. castellanii (ATCC30234) was obtained from the ATCC, originally from yeast culture,

United Kingdom (Visvesvara and Balamuth, 1975). The cytotoxicity determined using lactate
dehydrogenase, LDH assays revealed 51.5 * 4.5 reported by Maghsood et al. in 2005, and thus
recognized A. castellanii (ATCC30234) as probably pathogenic strain. A. castellanii (ATCC30234)
were transferred in ATCC medium 712 and incubated at 25°C for 7 days and repeated this procedure
every week.

E.coli (ATCC25922) was obtained from the ATCC, originally from clinical isolate (Boyle et al.,
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1973). A single colony of a routine laboratory strain of E. coli NCTC 9001 was spread onto a

nutrient agar plate and incubates overnight at 37°C. Store in refrigerator and re-new each week.

4.3. Quality assurance and quality control on thermotolerance and
osmotolerance pretesting
4.3.1. Preparation of Acanthamoeba samples
The assay was conducted to evaluate the distance of Acanthamoeba migrating during
proliferation at various temperatures and different osmolarity level. A. polyphaga (ATCC 30461)
and A.castellanii (ATCC30234) were transferred in ATCC medium 712 and incubated at 25°C for
three days to form trophozoites. Cell suspensions were moved to sterile centrifugation tubes (15 mL)
by an aseptic autopipette, and centrifuged at 200 x g for 8 minutes at 4°C to collect the cells (Grimm
et al., 2001). Cell pellets were then re-suspended in 1 mL sterilize PAS and the amoebic
concentration were determined by a hemocytometer (Marienfeld, Lauda-Konigshofen, Germany).
Approximately 10 uLL of Acanthamoeba was carefully transferred to one of the semi-reflective
panels on a hemocytometer covered with a cover slip. There was a grid of 9 squares in upside and 9
squares in downside under the microscope. There were 16 smaller squares in a square and the
numbers of Acanthamoeba were counted in each smaller square. Following equation was used to

calculate the number of cells in the original volume: (Total cells/Squares counted) *10**dilution
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factor = Cells/mL in original suspension. With appropriate volume, cell suspension was serially
diluted with sterile PAS to make a final cell suspensions at a concentration of 10 trophozoites in 1

mL PAS, which was used for thermotolerance and osmotolerance experiments.

4.3.2. Distance of Acanthamoeba ATCC strains migrated after two hours

inoculum onto NNA/heat-killed E.coli

To evaluate the distance of A. polyphaga (ATCC 30461) and A.castellanii (ATCC 30234) were
attribute to Acanthamoeba migration ability, not the initial inoculum. The test was started with
initial inoculum of A. polyphaga (ATCC 30461) and A.castellanii (ATCC 30234) on0Mand 1 M
NNA/heat-killed E.coli and positioned for two hours in a biosafety cabinet, during this time
Acanthamoeba were settled down to surface of agar. The Acanthamoeba ATCC trains were not
shifted on NNA plates when plates were moved to invert microscopic for counting the distance of
Acanthamoeba ATCC trains at the initial inoculum. The results were quantitatively through
enumeration Acanthamoeba under inverted microscopic at 100X at each microscopic field.
Migration of Acanthamoeba in each testing were occurred once the the Acanthamoeba trophozoite

and cyst presence at area out of first inoculation,
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4.3.3. Thermotolerance testing

An aliquot of 10 pL of 10® trophozoites was transferred to the center of fresh 1.5% NNA plates
pre-covered with heat-killed E. coli suspension, sealed with Parafilm and positioned for two hours
in a biosafety cabinet. The plates were then incubated at 30°C (as control) (Caumo et al., 2009),
37°C (Caumo et al., 2009). Acanthamoeba isolates can survive and grow in human bodies which
have an average body temperature of £37-C, and are therefore considered as potential human
pathogenic isolates. And 42°C for 10 days (Chan et al., 2011) in order to investigate Acanthamoeba
for increased thermotolerance. To investigate the effects of higher temperature on viability of
Acanthamoeba, cysts were exposed 52°C (Chan et al., 2011) for 24 hours prior to incubations at
30°C for nine days, which favored excystation. Each of Acanthamoeba strains was tested in

triplicate at a given temperature.

4.3.4. Osmotolerance testing
An aliquot of 10 pL of 10 trophozoites were transferred to the center of fresh 1.5% NNA
plates containing no mannitol (as control) and 1 M mannitol. Each plate was pre-covered with
heat-killed E. coli suspension. After cell inoculation, the plates were sealed with parafilm and
positioned for two hours in a biosafety cabinet, followed by incubation at 30°C for 10 days (Caumo

et al., 2009). Each of Acanthamoeba strain was tested at 0 M and 1M mannitol in triplicate.

49



4.3.5. Evaluation of the level of Acanthamoeba growth for thermotolerance and

osmotolerance testing

The number of trophozoites and cysts of A. polyphaga (ATCC 30461) and A.castellanii (ATCC
30234) were counted daily under inverted microscopic (Eclipse TE2000-U, Nikon, Tokyo, Japan) at
100X in every microscope fields from the center of each plate, as shown in (Fig. 4). The distance
away from the plate center was divided into two sections, section | was 15 to 25 mm away from the
center of NNA plate and section Il was 26 to 35 mm away from the center of the plates. The number
of Acanthamoeba cells (trophozoite and cyst) in microscope fields of at section I and Il were
averaged, respectively, for triplicate plates on every day. The results of evaluations on
Acanthamoeba were determined by the maximum number of Acanthamoeba trophozoite and cyst
on which incubation day and the distance away from the center of NNA. Acanthamoeba cyst
presence out of the first inoculation area means Acanthamoeba had been migration to the area.
Acanthamoeba trophozoites presence out of the first inoculation area means Acanthamoeba are
migrating to the area. Therefore, trophozoite and cyst were counted for evaluated the growth of

Acanthamoeba.
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Figure 4 Illustration of evaluations on thermotolerance and osmotolerance

4.4. Sampling on swimming pools and onion farmlands
4.4.1. Water samples from swimming pools
Water samples were collected from six swimming pools during normal operation in Taipei,
Taiwan (July 2 and July 16) of 2011 and (early spring March 21 and early spring March 28) of 2012.
Four swimming pools were located at community-type swimming pools in Taipei City (Swimming
pool A, B, C and D), while the other two swimming pools were located at the school-type in Taipei
City (E and F). Sampling time of four community-type swimming pools were in the morning

around 09:00 a.m. to 10:00 a.m. Sampling time of two school-type swimming pools were in the
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afternoon around 02:00 p.m. to 03:00 p.m. Five out of six swimming pools were automatic filtration
followed by automatic chlorination for disinfections. One school-type, swimming pool E was used
automatic filtration followed by human adding chlorine for disinfections. Total six L of pool water
(i.e. six of one L water) was taken from each swimming pool on each sampling. In detail, one L of
water was collected from six different positions in a swimming pool on one side (Fig. 5) or two
sides (Fig. 6) of the pool, in order to obtain representative samples.

Pool water (one L) was taken under the water surface 15 cm of swimming pool (Chang et al.,
2010) at the position at least six m away from the effluent exit and from the influent exit, and one m
away from the edge of the swimming pool (Leoni et al., 2001; Rabi et al., 2007). The distance
between water samples was three meters. The pool water (one L) was stored in a sterile fluorinated
wide mouth bottles (Nalgene®) containing 1 mL of sterile Na;S,03 (10 %) (Leoni et al., 1999;
Leoni et al., 2001). Three of one L pool water sample were then pooled together as sample I, and
the other three of one L of pool water were also pooled together as sample 11 (Fig. 5 and 6). Thus,
there were 12 water samples (three L each from six pools). Water samples were transported under
refrigeration (Ettinger et al., 2003) to the laboratory within two hours and processed less than four

hours.
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Figure 5 The overlook of one-side sampling in swimming pool. Circle with number represents the
plates where water sample (one L each) taken. Samples 1 — 3 were combined as sample I, whereas

sample 4 — 6 were combined as sample II.
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Figure 6 The overlook of two-sides sampling in swimming pool. Circle with number represents the
plates where water sample (one L each) taken. Three samples collected on the same side were

combined as sample | for 1 — 3 and sample 1l for 4 — 6.

4.4.2. Soil and air samples from farmland
Soil and air sampling were conducted by Mr. Chung-Long Kuo during early winter (November
20 — November 23) of 2011 and early spring (March 19 — March 24) of 2012. Totally, 14 soil and 14
air samples were collected from 6 onion farmlands of Hengchun Township and five onion

farmlands in Checheng Township, Pingtung County, Taiwan (Fig. 7). Sampled onion farmlands
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were located away from the road (at least one farmland away from the road), the distance between
sampled farmlands were at least 100 m. For each selected farmland, it was divided into nine equal
area and soils were collected by shovel at sampling area of 10 cm? and a sampling depth of one cm
and from the center of five area, i.e. left-top, right-top, left-down, right-down, and middle squares
(Fig. 8a). Soils collected from five squares were combined into one sample, placed into a zip lock
bag, well-mixed, and transported under refrigeration to the laboratory within two days.

Air sampling was conducted at the center of each onion farmland in order to represented each
onion farmland by using a MAS-100 (Merck Inc.,USA) containing 20 mL of sterilized PAS at a
height of 80 cm (Fig. 8b). Comparisons between biosampler IOM and biosampler MAS-100 on
quantifications of Acanthamoeba by real-time PCR revealed that the Ct (cycle threshold) of
sampling by 1OM are more close to detection limit than MAS-100, results in the difficulty to
determine Acanthamoeba concentrations. Therefore, MAS-100 was used as in the present study. In
a real-time PCR assay a positive reaction is detected by accumulation of a fluorescent signal. The
Ct is defined as the number of cycles required for the fluorescent signal to cross the threshold (i.e.
exceeds background level). Ct levels are inversely proportional to the amount of target nucleic acid
in the sample (i.e. the lower the Ct level the greater the amount of target nucleic acid in the sample).
The sampling flow rate was 100 L/m and sampling time was 180 min, resulting in sampling volume

of 18 m. Sterilizes PAS was refilled to 20 mL every 15 min during sampling. After sampling, the
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PAS was transferred into a sterile centrifuge tube (50 mL) and transported under refrigeration to the

laboratory within two days.

56



Bw

L]

Metere—

1,000 2,000

CCeqe s
CCoa

y LN

oC 2(‘[ 3

g Hd . HC&
'{ J*f- ﬁ H{'?: s* [, HCI MWlelems

il S 1,004
HC4gcs HC2 IJ—

N

-

LMK

Kilometers

] 40,000 80,000
——

[

LY
“na?

Figure 7 Sampling sites in present study. Star represents sampled community-type swimming pools

and circle represents sampled school-type swimming pools in Taipei City. Square represents

sampled onion farmlands in Pingtung County, Taiwan (HC: Hengchun Township and CC: Checheng

Township).
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Figure 8 Illustration of soil (a) and air (b) sampling. (a) Square with number are the five area of soil
samples collected. (b) Air sampling was conducted at the center of each onion farmland by using a

MAS-100 (Merck Inc., USA) containing 20 mL of sterilized PAS at a height of 80 cm.

4.5. Pretreatment of environmental samples
4.5.1. Water samples from swimming pools

Each water sample (three L each) was filtered at a flow rate of 100 mL/30 sec through 1.2 um
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pore size RTTP Isopore Filter (47mm, Millipore, MA, USA). The filtration was stop when three mL
of water sample remained above the membrane and filter concentrate (300 pL) was transfer into
sterile 50 mL centrifugal tube with filter membrane and vortex for five seconds. The filter
concentrate was distributed evenly over the surface of an NNA/heat-killed E. coli plate in duplicate.
Besides, filter membrane was divided into eight pieces and each of pieces was placed face down
onto the surface of an NNA/heat-killed E. coli plate. The plates were placed base upwards, sealed
with Parafilm and incubated at 30°C. The filter membrane was removed from the NNA/heat-killed

E. coli plate 3 days after the inoculum, sealed with Parafilm and incubated at 30°C.

4.5.2. Soil samples from onion farmland
Soil samples (ca. 300 — 500 g) were sieved by 10 standard mesh (two mm) in order to
removing non-soil particles. Soil samples (ca. two g) were suspended in 20 mL of sterile distilled
water (Kilic et al., 2004) and agitated at 75 rpm for one hour. An aliquot (100 pL) of each sample
was inoculated onto NNA plates seeded with heat-killed E.coli. The plates were placed base

upwards, sealed with Parafilm and incubated at 30°C.

4.5.3. Air samples from onion farmland

One mL of air sample was well-mixed by hand flapping the Eppendorf and inoculated on NNA
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plates with heat-killed E.coli. The plates were placed base upwards, sealed with Parafilm, incubated

at 30°C.

4.6. Isolation and purification of amoeba

Daily inspection of environmental samples on NNA plates of water, soil and air samples was
carried out by inverted phase microscopy (Eclipse TE2000-U, Nikon, Tokyo, Japan) at a
magnification of 200X until any amoeboid plaque resembling amoeba, amoeba size and
morphological features were according to Pussard and Pons (1977). The genus Acanthamoeba was
considered based on two obvious characters, i.e. cyst size (five to 20 um) and two layers of cyst
forms (ectocyst and endocyst). Amoebae resembling clones were sub-cultured by cutting roughly
0.5 cm in diameter of agar containing amoebae, transferring the plaque centrally onto a fresh
NNA/heat-killed E. coli plate. The clones of resembling amoeba were then maintained by passaging
to another NNA/heat-killed E.coli. This procedure was repeated until amoebae cultures were free of
contamination, which was determined by observing the presence of clones resembling amoeba on
the NNA exclusively. The plates were considered as amoeba-negative if there was no amoeboid

plaque in 14-day post-inoculation at 30°C.
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4.7. Xenic culture of amoeba

Xenic cultures were obtained by harvesting purified-isolate of amoeba from the plate cultures
by picking up amoeba off the agar plates with a sterile scalpel and transferring the cells into T-25
tissue flask (Corning Incorporated Life Sciences, NY, USA) containing five mL sterile PAS medium
with 1 mL heat-killed E.coli that had been already suspended in sterile PAS. The T 25 tissue flasks
were incubated at 30°C for seven days. The isolate of amoeba were examined once a week, and add

with one mL heat-killed E.coli. The above process was applied for water, soil and air samples.

4.8. DNA extraction

The 2.5 mL of xenic culture (section 4.7) containing approximately 10° organisms, determined
by a hemocytometer, were concentrated by centrifugation at 14000 x g for 10 minutes (Nagyova et
al., 2010). The DNA of concentrated samples was extracted by using FastDNA®spin kit for soil
(MP biomedical, Solon, OH, USA) following the manufacturers’ instructions. The detailed
procedures were described as following: The pellets were added with 978 pL of sodium phosphate
buffer in Lysing matrix E tubes and mixed with 122 pL of MT buffer solution contained in
FastDNA®spin kit for soil (MP biomedical, Solon, OH, USA). The tubes were placed in the
FastPrep® Instrument (MP biomedical, Irvine, CA, USA) to homogenize and to disrupt the cells by

bead-beating at a speed setting of 5.5 for one minute. After the tubes were centrifuged at 14000 x g
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for 30 seconds at 25°C to pellet debris, the supernatants were transferred to the clean 1.5 mL
centrifugal tubes. The Protein Precipitation Solution (250 pL) contained in FastDNA®spin kit for
soil, was then added into the tubes and well-mixed by shaking by hand for 10 times. The tubes were
centrifuged again at 14000 x g for five minutes at 25°C and the supernatants were transferred to 15
mL centrifugal tubes. The Binding Matrix Suspension contained in FastDNA®spin kit for soil was
well-mixed by hands before use and one mL of which was added into the 15 mL centrifugal tube
that described above. The tubes were inverted by hand for two minutes to allow binding of DNA
and then the tubes were left in a rack at room temperature for three minutes to allow settling of
silica matrix. After the 500 pL of supernatants were removed and discarded carefully by the pipette,
the Binding Matrix in the remaining amount of supernatant were re-suspended by hands, and 600
uL of the mixture were transferred to the SPIN™ Filters which were contained in FastDNA®spin
kit for soil. After centrifugation at 14000 x g for one minute at 25°C, the catch tubes were emptied
soon afterwards. The remaining mixtures were added to the SPIN™ Filters and were centrifuged at
14000 x g for one minute at 25°C. The catch tubes were emptied again. Afterwards, 500 pL of
prepared SEWA-M with adding 100 mL of 100% ethanol, which was contained in FastDNA®spin
kit for soil, was added to the SPIN™ Filter, followed by centrifugation at 14000 x g for one minute
at 25°C. After the catch tubes were emptied, the SPIN™ Filters were centrifuged at 14000 x g for 2

minutes at 25°C without any addition of liquid to dry the matrix of residual wash solution. The
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catch tubes were discarded and replaced by the new 1.5 mL centrifugal tubes. After the centrifugal
tubes were air-dried in the Biological Safety Cabinet Il at room temperature for five minutes, 100
uL of DNase/Pyrogen-Free Water (DES, contained in FastDNA®spin kit for soil) were then
well-mixed with the Binding Matrix above the SPIN™ Filter by pipetting. Finally, the tubes were
centrifuged at 14000 x g for one minute at 25°C to elute 100 uL of DNA into the clean 1.5 mL
centrifugal tubes. The DNA was ready to use and stored at —20°C.

In addition to environmental samples, 2.5 mL of Acanthamoeba polyphaga (ATCC 50492)
incubated in ATCC medium 712 at 25°C for three days were also processed for DNA extraction and
used as positive control in the following polymerase chain reaction (PCR) (Bio Rad iCycler,

Philadelphia, USA) amplification and gel electrophoresis.

4.9. Polymerase chain reaction (PCR) amplification

Primers of JDP1 (5-GGCCCAGATCGTTTACCGTGAA-3') and JDP2
(5'-TCTCACAAGCTGCTAGGGAGTCA-3') were used to amplify the ASA.S1 region of the gene
(Rns) coding for the amoeba’s nuclear small-subunit ribosomal RNA (Schroeder et al., 2001). A
423- to 551-bp Acanthamoeba-specific amplimer ASA.S1 fragment allows specific detection of
Acanthamoeba since it is discriminating for the genus and can be obtained from all known 18S

rDNA genotypes (Schroeder et al., 2001). PCR was performed in a volume of 25 pL containing five
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pL of DNA, 12.5 uL of 2X Tag PCR Master Mix (Genomics) and 2 pL of 10 uM of each primer
(Mission Biotech). The amplification reaction was carried out in a PCR under the following thermal
conditions: 95°C for 10 min, followed by 35 cycles of 94°C for one min, 58°C for one min and 72°C

for one min, with a final elongation step of 10 min at 72°C (Liang et al., 2010).

4.10. Gel electrophoresis

When the 1.5 % agarose gel (Seakem® LE Agarose, Rockland, USA) was ready, the dams and
the comb were removed carefully. The 400 mL of 1X TAE buffer was poured in the reaction box.
The 25 pL of the PCR amplification product samples (including environmental samples and
positive control (Acanthamoeba polyphaga (ATCC 50492)) and negative controls (sterilized ddH,0)
were mixed with four pL of loading dye (Sigma-Aldrich (G 7654), Saint Louis, USA). The 10 uL
of 100-bp DNA ladder (Sigma-Aldrich, Saint Louis, Missouri, USA) was mixed with 2 puL of
loading dye. The samples, DNA ladder, positive control and negative control were placed into
adjacent wells by using an Eppendorf pipette. Samples were electrophoresing at 50 V for 90
minutes. The gel was stained with 0.5 uM/ml ethidium bromide (Sigma-Aldrich (SI-E1385), USA)
in two L for 10 min, and the gel was observed under a UV-light transilluminator (Universal hood,
Bio-Rad, Philadelphia, USA). The unit was operating by the quantity one acquisition window on

your computer, select Live/Focus mode and adjusts your image position, size, focus, and intensity
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using the lens controls. After the image is optimized, the image was captured. A typical procedure
is described below. The Universal Hood Il was switched on and starts the quantity one software on
computer. The gel was positioned in the Universal Hood Il and pressed the Epi-lllumination button
to turn on the Epi White lights. The gel was centered on the transilluminator platen and closes the
door. Adjust the lens Iris, Zoom, and Focus while looking at the computer screen. The gel was
re-position if necessary. The image was acquiring by pressing the appropriate light source for your

sample and when a satisfactory image is seen click Freeze.

4.11. DNA sequencing

A single band at 423- to 551-bp PCR products represents as Acanthamoeba isolates were cut
off by scalpel. Following procedures on DNA purification and sequencing using the JDP1 primer
were conducted by the company of Genomic (Taipei, Taiwan). Prior to DNA sequencing, all PCR
products were cleaned with the Purification kit (Genomics). The DNA gel extraction of samples
was extracted following the manufacturers’ instructions. The gel with DNA of samples was put with
EB (elution buffer) at 65°C water bathing. The 300 pL of binding buffer for every 100 mg of
agarose gel were added and the gel mixture were incubated at 60°C for five min until the gel slice is
completely dissolved. The solution was poured to a fresh adsorption column and centrifuged at

13000 rpm for one min and the liquid in the collection tube was poured off. The 600 uL washing
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buffer (WB) was added before centrifugation at 13000 rpm for one min and the liquid was pour off
the into beaker, and centrifuged at 13000rpm for 10 min. The column was put into a fresh EP tube
and 30-50 pL elution buffer (EB) was added in order to elute the DNA. The five uL of the eluted
sample was used to identify with electrophoresis. Acanthamoeba-specific primer JDP1 allows
specific detection of Acanthamoeba. Sequencing was performed with one uL BigDye terminator
V3.1, 100 ng to500 ng plasmid or 20 to 50ng PCR product (depends on size), 3.2 pmol primer, 3.5
pL 5x buffer and nucelase-free H,O up to 20 uL. The amplification reaction was carried out in a An
automated DNA sequencers ABI 3730XL sequencer (Applied Biosystems, Foster City, CA) under
the following thermal conditions: 25 cycles of 90°C for 10 sec, 50°C for five sec and 60°C for four

min, with a final elongation step at 4°C.

4.12. Identification of Acanthamoeba species

In order to identify the species of 42Acanthamoeba isolates obtained from swimming pools
and onion farmlands, 42 sequences of 18S rDNA gene of isolates were aligned by the Basic Local
Alignment Search Tool (BLAST) program of the US National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/BLAST) to search for the most similar sequences. The
nucleotide blast was chosen, and the DNA sequence derived from environment isolates (section

4.11.) were entered the in enter query sequence. Others (nr etc.) was chose on choose search set and
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somewhat similar sequences (blastn) was choose for program selection, and BLAST in the bottom
of the page was entered, then the results were shown. The highest percentage similarity was taken to
identify the species. Species identifications are compared the 42 sequences of 18S rDNA gene of
isolated strains were aligned by the BLAST program to search for the most similar sequences. The
highest percentage similarity was taken to identify the species, with highest max score, highest total
score, highest query coverage, lowest E Value (typically, E < 0.05), highest max ident. Following
are the description of above-mentioned index in nucleotide sequence in BLAST and used to identify
the DNA sequences. Max score is the calculation from the number of matches and gaps and the
higher relative to the query length is better. Total score is the sum of the score of all (high scoring
pairs, HSPs) from the same database sequence. Query coverage is the percent of the query sequence
matched by the database entry and is the length coverage of the input query sequence by different
HSPs from the same database sequence. E Value is the number of entries required in the database
for a match to happen by random chance, and smaller E Values are better and typically, E < .05 is
required to be considered significant. Max ident is the percent that the genes match up within the

limits of the full match (e.g. deletions or additions base-pair reduce this value).

4.13. Morphological properties of isolated Acanthamoeba

Once the sequence of Acanthamoeba isolates from environments identified as Acanthamoeba
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in BLAST, the Acanthamoeba isolates were pictured under an inverted microscope at 1000X.

4.14. Phylogenetic analysis and genotyping

In order to categorize the Acanthamoeba isolates of the present study, 18S rDNA sequences of
12 Acanthamoeba (Table 9) were retrieved from GenBank. Since the preliminary alignments
revealed our isolates in the present study to be most similar to T4, T5 and T15 genotypes, more
representatives of these three groups were included in the comparison, most of the remaining
genotypes being not included in the final comparison.

All sequence alignments of isolated Acanthamoeba were performed by constructing a
neighbour-joining distance tree using the Mega 4.0.2 program (Molecular Evolutionary Genetic
Analysis software, ver. 4.0.2) with 1,000 bootstrapped replicates. Isolated strains that had identical
DNA sequences by BLAST analysis were clustered into the same group in order to strengthen the
bootstrap value to avoid the phylogenetic tree in failure of distinguishing same sequence from each
other. Altogether, there were 19 groups in present study. These 19 Acanthamoeba sequence groups
were aligned with 12 published Acanthamoeba sequence types obtained from BLAST (as reference
strains, Table 9). Genotypic classifications of all Acanthamoeba isolates were performed by
assembling and comparing the ASA.S1 sequences of these isolates with reference sequences

encompassing currently established genotypes of Acanthamoeba. Genotypic classifications of all
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Acanthamoeba isolates were done in MEGAA4 with neighbor-joining tree by assembling and
comparing the ASA.S1 sequences of 19 isolate groups in present study with reference sequences
encompassing currently established genotypes of AK and GAE. The same cluster represents the

same genotype in neighbor-joining tree.
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Table 9 18S rDNA sequences of Acanthamoeba as reference strains

Reference sequence

No.  Genotype  Species Strain Abbreviation GenBank assession
classification number

1 T4 A. polyphaga Nagington, 1501/3D T4 - A. polyphaga (AF019062) AF019062

2 T4 A. mauritaniensis 1652 ATCC:50253 T4 - A. mauritaniensis (AY351647)  AY351647

3 T4 A. sp. ATCC 50497 T4 - A. sp. (U07410) u07410

4 T4 A. castellanii Neff ATCC 50373 T4 - A. castellanii (U07416) u07416

5 T4 A. royreba Oak Ridge ATCC 30884 T4 - A. royreba (U07417) uo07417

6 T5 A. lenticulata strain 45 ATCC:50703 T5 - A. lenticulata (U94730) u94730

7 T5 A. lenticulata 7212 T5 - A. lenticulata (U94732) U94732

8 T5 A. lenticulata 118; 25-1, ATCC50706 T5 - A. lenticulata (U94736) U94736

9 T5 A. lenticulata strain JC-1 ATCC:50428 T5 - A. lenticulata (U94739) U94739

10 T5 A. lenticulata PD2S; ATCC 30841 T5 - A. lenticulata (U94741) u94741

11 T5 A. lenticulata 407-3A NJSP-3-2 T5 - A. lenticulata (U94734) u94734

12 T15 A. jacobsi AC194 T15 - A. jacobsi (AY262362) AY?262362
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4.15. Thermotolerance and osmotolerance testing on Environmental Acanthamoeba isolates
4.15.1. Criteria for selecting samples for thermotolerance and osmotolerance testing

Samples from different sampling sites and categorized into different genotypes were chosen
for thermotolerance and osmotolerance testing. In addition, two isolates were taken for testing if
there were more than two isolates obtained from the same sampling site and in the same genotype.
On the other hand, the sample was taken if there is only 1 isolate in same sampling sites and in the

same genotype.

4.15.2 Preparation of testing samples for thermotolerance and osmotolerance

In order to form trophozoites, one mL of heat-killed E.coli suspension was added to the xenic
cultures of environmental samples, incubated in T25 tissue flasks at 30°C for three days. Cell
suspensions were transferred to the 15 mL sterile centrifugation tubes by aseptic autopipetting, and
centrifuged at 200 x g for eight minutes at 4°C to collect trophozoites (Grimm et al., 2001). Cell
pellets were re-suspended in one mL of sterilize PAS and the amoebic concentration were
determined by a hemocytometer (Marienfeld, Lauda-Konigshofen, Germany). With appropriate
volume, the suspension was serially diluted with sterile PAS to make the cell suspensions at a
concentration of 10° trophozoites in 10 uL of PAS. The samples were ready for thermotolerance

and osmotolerance testing.
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4.15.3. Thermotolerance

An aliquot of 10 pL of tested samples (10° trophozoites) was transferred to the center of a fresh
1.5% NNA plate pre-covered with heat-killed E. coli suspension, sealed with parafilm and waited
for 2 hours in the laminar flow to allow settling the Acanthamoeba on agar surface. The plates were
then incubated at 30°C (as control), 37°C, and 42°C for 10 days and at 52°C for 24 hours prior to
incubation at 30°C for nine days. The experiments were conducted in triplicate. In addition, A.
polyphaga (ATCC 30461) and A.castellanii (ATCC30234) were used as potentially pathogenic
strain and probably pathogenic, respectively. With A. polyphaga (ATCC 30461) and A.castellanii
(ATCC30234) were used as potentially pathogenic strain and probably pathogenic strain,
respectively. Acanthamoeba polyphaga (ATCC30461), obtained from the American Type Culture
Collection, was originally isolated from human corneal scrapings of a case of AK (Visvesvara et al.,
1975) and therefore identified as potentially pathogenic strain in the present study. A. castellanii
(ATCC30234) was obtained from the American Type Culture Collection, originally from yeast
culture, United Kingdom (Visvesvara and Balamuth, 1975). The cytotoxicity determined using
LDH assays revealed 51.5 + 4.5 reported by Maghsood et al. in 2005, and thus recognized A.

castellanii (ATCC30234) as probably pathogenic strain.
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4.15.4 Osmotolerance

The 10 pL of tested samples were transferred to the center of a fresh 1.5% NNA plate (at 10°
trophozoites / heat-killed E.coli/NNA agar plate) containing no mannitol (as control), 0.5 M
mannitol or 1 M mannitol. The NNA plates were pre-covered with heat-killed E. coli suspension.
After inoculation of Acanthamoeba, the plates were sealed with parafilm and waited for two hours
in the laminar flow to settle Acanthamoeba on the agar surface. The plates were incubated at 30°C
for 10 days, the experiments were done in triplicate. A. castellanii (ATCC30234) was obtained from
the American Type Culture Collection, originally from yeast culture, United Kingdom (Visvesvara
and Balamuth, 1975). The cytotoxicity determined using LDH assays revealed 51.5 + 4.5 reported
by Maghsood et al. in 2005, and thus recognized A. castellanii (ATCC30234) as probably

pathogenic strain.

4.155. Evaluation of the level of Acanthamoeba growth subject to

thermotolerance and osmotolerance testing

All the assays were done in triplicated. After inoculation for 10 days, the number of
Acanthamoeba trophozoites and cysts on NNA plates were counted under an inverted microscope at
100X for nine microscope fields located at the distance of 15 to 25 mm from the center of each

plate. The mean numbers of Acanthamoeba in nine microscope fields of triplicate plats were
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determined. The mean number/microscopic field was converted into semi-quantitative scores, i.e.

score as number of Acanthamoeba/microscopic field counts of zero being scored as —, one to14

being scored as +, 15 to 29 being scored as 2+, 30 to 59 being scored as 3+, 60 to 89 being scored

as 4+, 90 to 149 being scored as 5+, 150 to 299 being scored as 6+, 300 to 500 being scored as 7+,

respectively (n=3) (Caumo et al., 2009).

25 mm

i 15 1mim

Counting
ficlds /

Figure 9 Illustration of evaluations on thermotolerance and osmotolerance

4.16. Measurement of environmental factors
4.16.1. Environment factors for water samples of swimming pools

Free residual chlorine, pH, water temperature, turbidity, hardness, dissolved oxygen, salinity,
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conductivity, total dissolved solids in pool water were measured in situ by the direct-reading
instruments on sites. The above environmental factors were measured in six replicates. In addition,
water samples were analyzed back to the laboratory for determination of the heterotrophic plate

count, which were measured in triplicate.

4.16.1.1. Free chlorine

The free chlorine was measured by the Pocket colorimeter (Hach Company, Loveland, Co.,
Ohio, USA). The DPD Free Chlorine Reagent was well-mixed with 10 ml of water samples, which
were then placed in the dark for one minute. After reading of the Pocket colorimeter was set to zero
using the deionized water, the pool water sample reacted with DPD reagent was measured to obtain

the level of free chlorine.

4.16.1.2. pH
The pH value of water sample was measured by HACH senslON 156 portable multi-parameter
instrument (SenslON 156, Hach Co., Loveland, Co., Ohio, USA). Before each use, the reading was
calibrated by putting the cleaned electrode into the standard solutions of pH 10.0, pH 7.0, and pH
4.0 and pushing the enter bottom until reading values were stable. A calibration curve between pH 4

and pH 10 was built automatically by the pH meter, according to the operation manual of Hach
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senslON156. Once the pH meter was calibrated, the pH values of test samples were determined by

placing the electrode into the samples and waiting for stable reading values.

4.16.1.3. Water temperature
The water temperature was measured by HACH senslION 156 portable multi-parameter
instrument (SenslON 156, Hach Co., Loveland, Co., Ohio, USA). The probe of the Hach

senslON156 was into water samples and the temperature was shown.

4.16.1.4. Turbidity
The turbidity was measured by the Hach 2100P Turbidimeter (Hach Company, Loveland, Co.,
Ohio, USA). The instrument was calibrated every three months following the procedures described
below: After the instrument was set on calibration mode, four Formazin primary standards with
different values of turbidity (< 0.1, 20, 100 and 800 NTU) were used to calibrate the 2100P
Turbidimeter. After the environmental water samples were added into the cuvette and mixed

without bubbles, the cuvettes were measured by the instrument directly.

4.16.1.5. Hardness

The hardness of water samples was measured by the Hardness meter (HANNA instruments,
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Inc., Woonsocket, RI, USA). The procedures were described below:

The probable or expected concentration range of the test samples was chosen (Low Range:
0-250 ppm; Medium Range: 200-500 ppm; High Range: 400 to 750 ppm). Afterwards, the water
sample (0.5 mL) was put into a glass cuvette containing 10 ml of medium-concentration indicator
reagent contained in Hardness Reagent A-B (HANNA), followed by adding two drops of Hardness
Buffer Reagent B contained in the Hardness Reagent A-B. The solution was mixed well and the
Hardness meter was set to zero. After a package of Hardness Reagent C (lon Specific Meters

Reagents Set, HANNA) was added, the hardness was measured in two minutes.

4.16.1.6. Dissolved oxygen

The dissolved oxygen of water samples was measured by HACH senslON 156 portable
multi-parameter instrument (SenslON 156, Hach Co., Loveland, Co., Ohio, USA). The sension156
was calibrated to read the dissolved oxygen in water as 100% saturation. The instrument was then
ready to use. The probe of the Hach senslON156 for dissolved oxygen measurement was into water

samples and the dissolved oxygen was shown.

4.16.1.7. Salinity

The conductivity of water samples was measured by HACH sensION 156 portable
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multi-parameter instrument (SenslON 156, Hach Co., Loveland, Co., Ohio, USA). This instrument
was calibrated by selecting the calibration range and putting the electrode into the calibration
solution with known conductivity value (i.e., 1000 uS/cm). The instrument was then calibrated
automatically and ready to use. The calibration was automatically by transferred the value of

conductivity unit into salinity unit.

4.16.1.8. Conductivity

The conductivity of water samples was measured by HACH sensION 156 portable
multi-parameter instrument (SenslON 156, Hach Co., Loveland, Co., Ohio, USA). This instrument
was calibrated by selecting the calibration range and putting the electrode into the calibration
solution with a known conductivity value (i.e., 1000 uS/cm). The instrument was then calibrated

automatically and ready to use.

4.16.1.9. Total dissolved solids (TDS)

The conductivity of water samples was measured by HACH sensION 156 portable
multi-parameter instrument (SenslON 156, Hach Co., Loveland, Co., Ohio, USA). This instrument
was calibrated by selecting the calibration range and putting the electrode into the calibration

solution with known conductivity value (i.e., 1000 uS/cm). The instrument was then calibrated
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automatically and ready to use. The calibration was automatically by transferred the value of

conductivity unit into TDS unit.

4.16.1.10. Heterotrophic Plate Count

Water samples (1L) containing 1 ml of Na,S,03 (10 %) collected from swimming pool was
thoroughly mixed by rapidly making about 25 complete up-and-down (or back-and-forth)
movements. Samples were diluted with sterile deionized water 10-fold. After thorough mix of all
dilutions, an aliquot (200 pL) of undiluted and diluted samples were spreaded onto the surface of
R2A in duplicates by using a sterile bent glass rod. Once the inoculum was absorbed completely, the
plates were incubated upside down at 28°C for seven days. Colony-forming units (CFUs) were then
counted (Reasoner and Geldreich, 1985).

The concentrations of heterotrophic plate count from swimming pool were determined by the
standard method for the examination of wastewater and water of American Public Health
Association (APHA, 2005) (21st Edition, Section 9215. Heterotrophic Plate Count. American

Public Health Association, Washington, D.C., 2005).

4.16.2. Environment factors for soil samples of onion farmlands

Water content, pH and heterotrophic plate count of soil samples were determined by Mr.
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Chung-Long Kuo in the laboratory. Data were collected during sampling at 2012.

4.16.2.1. Water content

Soil samples were weighted to 3 g onto tin foil paper (W1), the container was place with soils
in oven and dry at 105°C for 48 hours to obtain a constant weight (W2), the moisture content of the
soils were calculated as a percentage of the dry soil weight in triplicate (Rodriguez-Zaragoza et al.,
2005) using the following equations:

Water content (%) = (W1 —W2)/W2 * 100

4.16.2.2. pH

Soils in 20 g of were suspended in 20 mL water were mixed and placed for one hour at room
temperature. The pH values of water contained soils were measured by HACH sensION 156
portable multi-parameter instrument with probe was put into soil suspended in water (SenslON 156,
Hach Co., Loveland, Co., USA). The pH values of test samples were determined by placing the

electrode into the samples and waiting for stable reading values.

4.16.2.3. Heterotrophic Plate Count

Samples were transported under refrigeration to the laboratory (Huang and Hsu, 2010). Soil
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samples were diluted with 10 mL sterile PAS by 10° to 10 folds. All dilutions were thoroughly
mixed by rapidly making about 25 complete up-and-down (or back-and-forth) movements. An
aliquot (100 pL) of original samples and each dilution were spreaded onto R2A in duplicates. Plates
were incubated upside down at 28°C for seven days. Colony-forming units (CFUs) were counted at

the end of the incubation.

4.16.3. Environment factors for air samples of onion farmlands
Temperature, wind velocity, and relative humidity (RH%) of the atmosphere were measured
each time at the beginning and 30 min, 60 min, 90 min, 120 min and 150 min by the
VELOCICALC Air Velocity Meter (9545, Shoreview , USA). The average of six measurement data
was calculated and illustrates the environmental factors in air. The VELOCICALC Air Velocity
Meter was facing the wind and parallel with the MAS-100, and the data-log time was set one min.
Thus, the value for a given sampling time was determined as of environmental factors in farmlands

was performed by Mr. Chung-Long Kuo. Data were collected during sampling at 2012.
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Chapter 5 Results

5.1. Quality assurance and quality control on thermotolerance and

osmotolerance

5.1.1. Distance of Acanthamoeba ATCC strains migrated after two hours

inoculum onto NNA/heat-killed E.coli

To evaluate the distance of A. polyphaga (ATCC 30461) and A.castellanii (ATCC 30234)
migrated at initial inoculum at 0 M mannitol and 1 M mannitol NNA/heat-killed E.coli; the results
were gquantitatively through enumeration Acanthamoeba under inverted microscopic at 100X at
each microscopic field. Table 10 indicated number of trophozoite or cyst for A. polyphaga and
A.castellanii on each microscopic field. The farthest migration after two hours initial inoculum of
Acanthamoeba ATCC strains was A.castellanii (ATCC 30234) on 0 M for two hours (n=1),
revealed two trophozoite or cyst seen at the distance 9.45 mm in 8" microscopic field. Migration of
Acanthamoeba in each testing were occurred once the Acanthamoeba trophozoite and cyst presence
at area out of first inoculation, Therefore, the trophozoite or cyst of Acanthamoeba seen at the
distance larger than 9.45 mm at the end of incubation periods was attributed to their migration (Fig.
10). Here, we assumed presence of Acanthamoeba on the distance larger than 14.18 mm with 12"

microscopic field were attributed to Acanthamoeba growth and migration ability.
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Figure 10 Distance of Acanthamoeba ATCC strains migrated after two hours inoculum onto NNA/heat-killed E.coli
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5.1.2. Thermotolerance

Evaluation on the distance of A. polyphaga (ATCC 30461) and A.castellanii (ATCC 30234)
migrated during proliferation at various incubation temperatures, were enumerated Acanthamoeba
cells under an inverted microscope at 100X distance between 15.36 and 35.45 mm away from plate
center. Table 10 and Table 11 present the mean number of A. polyphaga and A.castellanii cells grew
and observed at 30 °C to 52°C. At 30°C, the highest mean number A. polyphaga cells (142
cells/microscopic field) were revealed at 6™ day of incubation at the distance between 26.00 and
35.45 mm away from the plate center (Table 10 and Fig. 11). As for A.castellanii, at 30°C, the
highest mean number (69 cells/microscopic field) was observed at the distance between 15.36 and
24.82 mm away from the plate center (Table 11 and Fig. 12).

A. polyphaga and A.castellanii were also able to grow at 37°C. The highest number of A.
polyphaga (69 cells/microscopic field) growth was found at 9™ day of incubation at the distance
between 15.36 and 24.82 mm away from the plate center (Table 10 and Fig. 13). As for A.castellanii,
the highest number was found at 8" day of incubation at the distance between 26.00 and 35.45 mm
away from the plate center, which were 54 cells/microscopic field (Table 11 and Fig. 14).

Neither A. polyphaga nor A.castellanii grow and migrate at 42°C (Table 10 and Table 11). To
investigate the effects of higher temperatures on Acanthamoeba viability, cysts of A. polyphaga and

A.castellanii were exposed 52 °C for 24 hours, followed by incubation at 30°C to favor excystation.
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However, no migration or growth was found for both test cells (Table 10 and Table 11).
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Table 10 Thermotolerance pretesting of Acanthamoeba polyphaga

Distance away Incubation Mean number of A.polyphaga cyst and trophozoite / microscopic field”
from the center temperature Day after incubation
(mm)a 1St 2nd 3I’d 4th 5th 6th 7th 8th 9th 10th
15.36 ~24.82 30°C 244+ 1204+ 64.85+ 6593+ 7226+ 12911+ 76.26+ 78+ 7715+ 76.04 +
3.57 13.8 62.1 3239 393 102.98 46.36 52.19 5213  48.29
15.36 ~24.82 37°C 019+ 196+ 437+ 2722+ 4726+ 4244+ 4285+ 39.67+ 69.07+ 63.85%
0.40 6.95 12.99 52454 50763 29.6 17.66 19.12 54.47 68.18
15.36 ~24.82 42°C 0 0 0 0 0 0 0 0 0 0
15.36 ~24.82 52°C (24 0 0 0 0 0 0 0 0 0 0
hours),
followed by
30°C*
26.00 ~35.45 30°C 041+ 181+ 1356+ 61.63+ 6485+ 14159+ 69.78+ 66.74+ 68.19+ 69.07 +
0.89 2.68 16.86  47.12 1859  89.55 29.46 1713  27.69 28.07
26.00~35.45 37°C 0.15+ 0 0 433+ 1659+ 3226+ 4378+ 3852+ 30.19+
0.53 15.75 25.01 21.43 22.28 14.39 9.27
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26.00 ~35.45 42°C 0 0 0 0 0 0 0 0 0 0

26.00 ~35.45 52°C (24 0 0 0 0 0 0 0 0 0 0
hours),
followed by
30°C®

®Distance away from the center of incubated NNA agar plate with the unit in mm.
® Mean number of A. polyphaga cyst and trophozoite (n=3).

“Incubation at 52°C for 24 hours, followed by incubation at 30°C for 9 days.

Table 11 Thermotolerance pretesting of Acanthamoeba castellanii

Distance away Incubation Mean number of A.castellanii cyst and trophozoite / microscopic field"

from the center temperature Day after incubation

(mm)a 1St 2nd 3I’d 4th 5th 6th 7th 8th 9th 10th

15.36 ~24.82  30°C 159+ 1396+ 69.15+ 4656+ 4293+ 5648+ 3337+ 3115+ 48.63+ 4504+
3.19 13.12 57.34 14.52 18.59 26.76 10.63 11.14 20.93 15.01

15.36 ~24.82 37°C 0.00 122+ 1093+ 2244+ 3381+ 3552+ 2633+ 3644+ 2930+ 29.19%
' 241 12.92 13.63 12.92 10.16 9.17 13.26 10.51 8.15
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15.36 ~ 24.82

15.36 ~ 24.82

26.00 ~ 35.45

26.00 ~ 35.45

26.00 ~ 35.45

26.00 ~ 35.45

42°C

52°C (24
hours),
followed by
30°C®

30°C

37°C

42°C

52°C (24
hours),
followed by
30°C¢

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.37 +
8.01

0.22 +
0.7

0.00

0.00

0.00

0.00

41.11 +
47.09

0.85+
.75

0.00

0.00

0.00

0.00

62.11 +
36.46

79
7.85

0.00

0.00

0.00

0.00

61.89 +
28.6

25.04 *
15.41

0.00

0.00

0.00

0.00

57.22 +
33.84

26.44 +
17.31

0.00

0.00

0.00

0.00

51.44 +
21.37

53.59 +
22.23

0.00

0.00

0.00

0.00

61.22 +
30.70

2450 +
16.74

0.00

0.00

0.00

0.00

55.93 +
29.93

27.67
16.67

0.00

0.00

®Distance away from the center of incubated NNA agar plate with the unit in mm.

® Mean number of A. castellanii cyst and trophozoite (n=3).

“Incubation at 52°C for 24 hours, followed by incubation at 30°C for 9 days.
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Figure 11 Number of A.polyphaga at 30°C and OM mannitol incubation on each day (n=3).

89



140 -
120 -

100 - B15.36 ~24.82 mm away

from the plate center

Number of A.castellanii/
microscopic field
[ ]
=

60 -
B826.00 ~35.45 mm away
40 - from the plate center
20 -
0 _

1st 2nd 3rd 4th S5th 6th 7th 8th 9th 10th

Day after incubation

Figure 12 Number of A.castellanii at 30°C and OM mannitol incubation on each day (n=3)
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Figure 13 Number of A.polyphaga at 37°C and OM mannitol incubation on each day (n=3).
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Figure 14 Number of A.castellanii at 37°C and OM mannitol incubation on each day (n=3)
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5.1.3. Osmotolerance

To evaluate the distance of A. polyphaga (ATCC 30461) and A. castellanii (ATCC 30234)
migrating during proliferation at 0 M and 1 M mannitol at 30°C, the number of Acanthamoeba was
enumerated under an inverted microscope at 100X. Table 12 and Table 13 demonstrated the ability
of A. polyphaga and A. castellanii to proliferate on plates without mannitol. The maximum number
of A. polyphaga (142 cells/microscopic field) occurred at 6™ day of incubation at the distance of
26.00 to 35.45 mm away from the center plate (Table 12) As for A.castellanii, the maximum
number (69 cells/microscopic field) occurred at 3" day of incubation at the distance of from 15.36
and 24.82 mm away from the center plate (Table 13). A. polyphaga grew better than A. castellanii at
1M mannitol as the maximum number of A. polyphaga (78 cells/microscopic field) was found at
10" day of incubation at the distance of 15.36 and 24.82 mm away from the center plate (Table 12
and Fig. 15). A. castellanii with the maximum number of six cells/microscopic field on 10" day of
incubation at the distance of 15.36 and 24.82 mm (Table 13 and Fig. 16). Besides, lower numbers of
A. castellanii in plates containing 1 M mannitol was consist with observed during the 10" day

compared to A. polyphaga (Table 12 and Table 13).
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Table 12 Osmotolerance pretesting of Acanthamoeba polyphaga

Distance away Osmolarity Mean number of A.polyphaga cyst and trophozoite / microscopic field”

from the center of NNA Day after incubation at 30°C

(mm)a 13( 2nd 3Td 4th 5th 6th 7th 8th gth 1oth
15.36~2482 O0OM 244+ 1204+ 6485+ 6593+ 7226+ 12911+ 76.26+ 78% 7715+ 76.04 £
mannitol 3.57 13.8 62.1 32.39 39.3 102.98 46.36 52.19 52.13 48.29
1536~2482 1M 0.67+x 030+ 315+ 10.78+ 2441+ 3470+ 44+ 77+ 7293+ 78.07 %
mannitol 2.06 0.91 7.49 22697 36.49 38.45 26.69 46.55 33.8 41.36
26.00~3545 OM 041+ 181+ 1356+ 6163+ 6485+ 14159+ 69.78+ 66.74+ 68.19+ 69.07 +
mannitol 0.89 2.68 16.86 47.12 18.59 89.55 29.46 17.13 27.69 28.07
26.00~3545 1M 011+ 052+ 607+ 641+ 2459+ 2563+ 36.30%
) 0.00 0.00 0.00
mannitol 0.58 1.42 18.01 12.84 40.81 42.81 45.35

% Distance away from the center of incubated NNA agar plate with the unit in mm.

® Mean number of A. polyphaga cyst and trophozoite (n=3).

Table 13 Osmotolerance pretesting of Acanthamoeba castellanii

Distance away Osmolarity Mean number of A.castellanii cyst and trophozoite / microscopic field”

from the center of NNA Day after incubation at 30°C
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(mm)a 1St 2nd 3I’d 4th 5th 6th 7th 8th gth 1oth
1536~2482 O0OM 159+ 1396+ 69.15+ 4656+ 4293+ 5648+ 3337+ 3115+ 48.63+ 4504+
mannitol 3.19 13.12 57.34 14.52 18.59 26.76 10.63 11.14 20.93 15.01
1536~2482 1M 070 126+ 196+ 241+ 348+ 578+
) 0.00 0.00 0.00 0.00
mannitol 1.71 2.21 2.33 2.86 3.41 6.36
26.00~3545 O0OM 0.00 0.00 537+ 4111+ 6211+ 6189+ 5722+ 5144+ 6122+ 5593+
mannitol ' ' 8.01 47.09 36.46 28.6 33.84 21.37 30.70 29.93
26.00~3545 1M 0.04 = 0.89 =
. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1412
mannitol 0.19 1.95

% Distance away from the center of incubated NNA agar plate with the unit in mm.

® Mean number of A. castellanii cyst and trophozoite (n=3).

95



140

=
]
=]
o
2 120
3
2
£ 100
g
3 80
-ga
S 60
3
< 40
k=
e
2 20
g
-
Z

T

-

1st

2nd  3rd 4th Sth 6th 7th

Day after incubation

8th

9th

10th

B1536~24.82 mm
away from the plate
center

826.00 ~35.45 mm
away from the plate
center

Figure 15 Number of A.polyphaga at 1 M mannitol incubation on each day (n=3)
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Figure 16 Number of A.castellanii at 1 M mannitol incubation on each day (n=3)
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5.1.4. Evaluations the level of growth on thermotolerance and osmotolerance

The growth level of Acanthamoeba ATCC strains on 0 M mannitol at 30 °C were used as
control groups in thermotolerance and osmotolerance pretesting since the incubation condition were
the most favorable for Acanthamoeba growth. The level of growth were based on thermotolerance
incubated at 37°C, 42 °C, 52 °C for 24 hours and at 30 °C for 9 days and osmotolerance incubated on
1 M mannitol at 30 °C. Under thermotolerance incubated at 37°C, 42 °C, 52 °C for 24 hours and at
30°C for 9 days and osmotolerance incubated on 1 M mannitol at 30 °C condition, the migration of
Acanthamoeba ATCC strains were slower than Acanthamoeba ATCC strains growth on 0 M
mannitol at 30°C. Therefore, the level of growth were evaluated by thermotolerance incubated at
37°C, 42°C, 52°C for 24 hours and at 30°C for 9 days and osmotolerance incubated on 1 M
mannitol at 30°C.

At 37°C, the maximum growth was 69.07 mean numbers of A.polyphaga cyst and trophozoite
per microscopic field at 9™ and 10™ day incubation and at a distance between 15.36 and 24.82 mm
away from the center of NNA plates; The maximum growth was 63.85 mean numbers of
A.castellanii cyst and trophozoite per microscopic field at 8" day and at a distance between 26.00
and 35.45 mm away from the center of NNA plates. There were no A.polyphaga and A.castellanii
cells incubated at 42°C and 52°C. When it comes to Acanthamoeba ATCC strains incubated on 1M

mannitol at 30°C, the maximum growth was 78.07 mean numbers of A.polyphaga cyst and
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trophozoite per microscopic field at 10" day incubation and at a distance between 15.36 and 24.82
mm away from the center of NNA plates; The maximum growth was 5.78 mean numbers of
A.castellanii cyst and trophozoite per microscopic field at 10" day incubation and at a distance
between 15.36 and 24.82 mm away from the center of NNA plates. The maximum growth were 10"
day incubation and at a distance between 15.36 and 24.82 mm away from the center of NNA plates
besides A.castellanii growth at 37°C. Considerations on the consistence in days after incubation and
at the distance away from the center of NNA plates, the 10" day incubation and at a distance
between 15.36 and 24.82 mm away from the center of NNA plates were used in Acanthamoeba

isolates from environments.

5.2. Acanthamoeba isolated from sampling sites
5.2.1. Positive rate of Acanthamoeba
Twelve water samples from six thermal swimming pools and 14 soil and 14 air samples from
11 onion farmlands were collected. However, a soil sample (HC2FARM Soil Sample2) from
Hengchun farmland 2 was loss during the transportation. Thus, there were 13 soil samples analyzed
in the present study.
Suspected amoeba were obtained from environmental sample inoculated onto NNA/heat-killed

E.coli, for which the Acanthamoeba resembling clone was transferred into new NNA/heat-killed
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E.coli through daily examination under inverted microscope (section 4.6. Isolation and purification
of amoeba). Identification of Acanthamoeba was conducted through observation by an inverted
microscopic, PCR with Acanthamoeba genus specific amplimers ASA.S1, and DNA sequencing
with Acanthamoeba genus specific primer JDP1. There were total 42 Acanthamoeba isolates
obtained in the present study (Table 14). In detail, there were five in A swimming pool, eight in E
swimming pool, three in F swimming pool, five in B swimming pool, three in C swimming pool
and two in D swimming pool. Besides, each soil sample obtained one Acanthamoeba isolate and
three Acanthamoeba were isolated from 14 air samples (Table 14). In terms of positive rate,
Acanthamoeba were detected in 12 out of 12 water samples collected (100%), 13 out of 13 soil
samples (100%), and three out of 14 air samples (21.43%), which were from Hengchun (farmlands

4, 3 and 6) (Table 14).
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Table 14 Positive rate of Acanthamoeba isolates from swimming pools and onion farmlands

Sample ID City Location Sampling site Sample  Sampling date Acanthamoeba Positive rate
type (Day/Month/Year) isolate ID? (%)°

ASP Water Taipei City, Swimming  Swimming pool A water 7/2/2011 A i4 100 (2/2)
Samplel Taiwan pool

A_i5
ASP Water A _i6
Sample2

A _i7

A _i8
ESP Water Taipei City, Swimming  Swimming pool E water 7/16/2011 E il 100 (2/2)
Samplel Taiwan pool

E i2

E i3
ESP Water E i4
Sample2

E_i5

E_i6

E i7

E i8
FSP Water Taipei City, Swimming  Swimming pool F water 03/21/2012 F il 100 (2/2)
Samplel Taiwan pool
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FSP Water
Sample2

BSP Water
Samplel

BSP Water
Sample2

CSP Water
Samplel

CSP Water
Sample2

DSP Water
Samplel
DSP Water
Sample2

HC1FARM Soil

Sample2

Taipei City,
Taiwan

Taipei City,
Taiwan

Taipei City,
Taiwan

Pingtung
County,
Taiwan

Swimming
pool

Swimming
pool

Swimming
pool

Onion
farmland

Swimming pool B water

Swimming pool C water

Swimming pool D water

Hengchun Soil
Township,
farmland 2

102

03/21/2012

03/28/2012

03/28/2012

11/20/2011

F i2
F i3

B i2
B i3

B_i4
B i5

C_i2
C i3

HC1_Soil_s2

100 (2/2)

100 (2/2)

100 (2/2)

100 (1/1)



HC1FARM Soil
Sample5

HC2FARM Soil
Samplel

HC2FARM Soil
Sample2

HC2FARM Soil
Sample3

HC2FARM Soil
Sample4

HC2FARM Soil
Sample5

HC2FARM Soil
Sample6

CC1FARM Saoil
Samplel

Farmland 5

Farmland 1

Farmland 2

Farmland 3

Farmland 4

Farmland 5

Farmland 6

Checheng
Township,
farmland 1
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Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

11/22/2011

03/20/2012

03/20/2012

03/21/2012

03/21/2012

03/22/2012

03/22/2012

11/23/2011

HC1 Soil s5

HC2_Soil_s1

Sample loss

HC2_Soil_s3

HC2_Soil_s4

HC2_Soil_s5

HC2_Soil_s6

CC1_Soil_s1

100 (1/1)

100 (1/2)

Sample

loss®

100 (1/1)

100 (1/1)

100 (1/1)

100 (1/2)

100 (1/1)



CC1FARM Saoil
Sampleb

CC2FARM Saoil
Samplel

CC2FARM Saoil
Sample2

CC2FARM Saoil
Sample3

CC2FARM Saoil
Sample4

HC1FARM Air
Sample2

HC1FARM Air
Sample4

HC2FARM Air
Samplel

HC2FARM Air

Farmland 5

Farmland 1

Farmland 2

Farmland 3

Farmland 4

Hengchun
Township,
farmland 2

Farmland 4

Farmland 1

Farmland 2
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Soil

Soil

Soil

Soil

Soil

Air

Air

Air

Air

11/23/2011

03/19/2012

03/23/2012

03/23/2012

03/24/2012

11/20/2011

11/21/2011

03/20/2012

03/20/2012

CC1_Soil_s5

CC2_Soil_s1

CC2_Soil_s2

CC2_Soil _s3

CC2_Soil_s4

ND¢

HC1 Air _s4

ND

ND

100 (1/1)

100 (1/1)

100 (1/2)

100 (1/1)

100 (1/1)

ND

100 (1/1)

ND

ND



Sample2

HC2FARM Air
Sample3

HC2FARM Air
Sample4

HC2FARM Air
Sampleb

HC2FARM Air
Sample6

CC1FARM Air
Samplel

CCLFARM Air
Sampleb

CC2FARM Air
Samplel

CC2FARM Air
Sample2

Farmland 3

Farmland 4

Farmland 5

Farmland 6

Checheng
Township,
farmland 1

Farmland 5

Farmland 1

Farmland 2
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Air

Air

Air

Air

Air

Air

Air

Air

03/21/2012

03/21/2012

03/22/2012

03/22/2012

11/23/2011

11/23/2011

03/19/2012

03/23/2012

HC2_Air_s3

ND

ND

HC2_Air_s6

ND

ND

ND

ND

100 (1/1)

ND

ND

100 (1/1)

ND

ND

ND

ND



CC2FARM Air Farmland 3 Air 03/23/2012 ND ND
Sample3

CC2FARM Air Farmland 4 Air 03/24/2012 ND ND
Sample4

 Acanthamoeba were isolated from the original sample inoculum onto NNA/heat-killed E.coli and transferred the Acanthamoeba
resembling clone into new NNA/heat-killed E.coli through daily examination under inverted microscopic and followed by
Acanthamoeba identification process

® Number of Acanthamoeba positive sample divided by number of the samples collected

¢ Sample loss during transportation

9ND non-detectable for Acanthamoeba
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5.2.2. Morphological properties of isolated Acanthamoeba

The trophozoite and cyst of Acanthamoeba isolates are presented in figure 17 — 38.

(a) (b)

Figure 17 Trophozoite (a) and cyst (b) of Acanthamoeba isolate A_i4 viewed by an inverted

microscope at a magnification of 1000X. (Bar = 10 um).

(@) (b)

Figure 18 Trophozoite (a) and cyst (b) of Acanthamoeba isolate E_il viewed by an inverted

microscope at a magnification of 1000X. (Bar = 10 pum)
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(a) (b)

Figure 19 Trophozoite (a) and cyst (b) of Acanthamoeba isolate F_il viewed by an inverted microscope at a

magnification of 1000X. (Bar = 10 um)

(@) (b)

Figure 20 Trophozoite (a) and cyst (b) of Acanthamoeba isolate B il viewed by an inverted microscope at a

magnification of 1000X. (Bar = 10 um)
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(a) (b)

Figure 21Trophozoite (a) and cyst (b) of Acanthamoeba isolate C_i1l viewed by an inverted microscope at a

magnification of 1000X. (Bar = 10 um)

(@) (b)

Figure 22 Trophozoite (a) and cyst (b) of Acanthamoeba isolate D_il viewed by an inverted microscope at a

magnification of 1000X. (Bar = 10 um)
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(a) (b)

Figure 23 Trophozoite (a) and cyst (b) of Acanthamoeba isolate HC1_Soil_s2 viewed by an inverted microscope

at a magnification of 1000X. (Bar = 10 um)

(@) (b)

Figure 24 Trophozoite (a) and cyst (b) of Acanthamoeba isolate HC1 Soil_s5 viewed by an inverted microscope

at a magnification of 1000X. (Bar = 10 um)
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(a) (b)

Figure 25 Trophozoite (a) and cyst (b) of Acanthamoeba isolate HC2_Soil_s1 viewed by an inverted microscope

at a magnification of 1000X. (Bar = 10 um)

(@) (b)

Figure 26 Trophozoite (a) and cyst (b) of Acanthamoeba isolate HC2_Soil_s3 viewed by an inverted microscope

at a magnification of 1000X. (Bar = 10 um)
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(@) (b)

Figure 27 Trophozoite (a) and cyst (b) of Acanthamoeba isolate HC2_Soil_s4 viewed by an inverted microscope

at a magnification of 1000X. (Bar = 10 um)

(@) (b)

Figure 28 Trophozoite (a) and cyst (b) of Acanthamoeba isolate HC2_Soil_s5 viewed by an inverted microscope

at a magnification of 1000X. (Bar = 10 pm)

112



(@) (b)

Figure 29 Trophozoite (a) and cyst (b) of Acanthamoeba isolate HC2_Soil_s6 viewed by an inverted microscope

at a magnification of 1000X. (Bar = 10 um)

(@) (b)

Figure 30 Trophozoite (a) and cyst (b) of Acanthamoeba isolate CC1_Soil_s1 viewed by an inverted microscope

at a magnification of 2000X. (Bar = 10 um)
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(@) (b)

Figure 31 Trophozoite (a) and cyst (b) of Acanthamoeba isolate CC1_Soil_s5 viewed by an inverted microscope

at a magnification of 1000X. (Bar = 10 um)

(@) (b)

Figure 32 Trophozoite (a) and cyst (b) of Acanthamoeba isolate CC2_Soil_s1 viewed by an inverted microscope

at a magnification of 2000X. (Bar = 10 um)
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(@) (b)

Figure 33 Trophozoite (a) and cyst (b) of Acanthamoeba isolate CC2_Soil_s2 viewed by an inverted microscope

at a magnification of 1000X. (Bar = 10 um)

(@) (b)

Figure 34 Trophozoite (a) and cyst (b) of Acanthamoeba isolate CC2_Soil_s3 viewed by an inverted microscope

at a magnification of 1000X. (Bar = 10 pm)
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(a) (b)

Figure 35 Trophozoite (a) and cyst (b) of Acanthamoeba isolate CC2_Soil_s4 viewed by an inverted microscope

at a magnification of 1000X. (Bar = 10 um)

(@) (b)

Figure 36 Trophozoite (a) and cyst (b) of Acanthamoeba isolate HC1_Air_s4 viewed by an inverted microscope at

a magnification of 1000X. (Bar = 10 um)
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(a) (b)

Figure 37 Trophozoite (a) and cyst (b) of Acanthamoeba isolate HC2_Air_s3 viewed by an inverted microscope at

a magnification of 1000X. (Bar = 10 um)

(@) (b)

Figure 38 Trophozoite (a) and cyst (b) of Acanthamoeba isolate HC2_Air_s6 viewed by an inverted microscope at a

magnification of 1000X. (Bar = 10 um)

5.2.3. Gel electrophoresis of Acanthamoeba
The samples conducted for DNA extraction and PCR amplifications on similar time period

were run on the same gel for eletrophoresis. Amplification of amoeba isolates by PCR primers JDP1
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and JDP2 was successfully carried out on all 42 isolates (Fig. 40 — 44). The illustrations of

amplimers ASA.S1 with a size approximately of 500 bp were observed for all isolates.

500-
400-

Figure 39 Gel electrophoresis of primers JDP1 and JDP2 for five isolates from air and soil samples
collected on November, 2011. Lane 1: air sample from Hengchun, farmland 4 (HC1_Air_s4), lane 2:
soil sample from Hengchun, farmland 2 (HC1_Soil_s2), lane 3: soil sample from Hengchun,
farmland 5 (HC1_Soil_s5), lane 4: soil sample from Checheng, farmland 1 (CC1_Soil_s1), lane 5:
soil sample from Checheng, farmland 5 (CC1_Soil_s5), M: size markers, lane N: negative control

(ddH»0), lane P: positive control (Acanthamoeba polyphaga).
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500-
400-

Figure 40 Gel electrophoresis of primers JDP1 and JDP2 for five isolates from water samples
collected on July, 2011. Lane 1 to Lane 5 was water sample from swimming pool A. Lanel: isolate
4 (A_i4), lane 2: isolate 5 (A_i5), lane 3: isolate 6 (A_ i6), lane 4: isolate 7 (A_i7), lane 5: isolate
5 (A_18), M: size markers, lane N: negative control (ddH,0), lane P: positive control

(Acanthamoeba polyphaga).

500-
400-

Figure 41 Gel electrophoresis of primers JDP1 and JDP2 for five isolates from water samples
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collected on July, 2011. Lane 1 to Lane 8 was water sample from swimming pool E. Lanel: isolated
1 (E_i1), lane 2: isolate 2(E_i2), lane 3: isolate 3 (E_i3), lane 4: isolated 4 (E_i4), lane 5: isolate 5
(E_i5), lane 6: isolate 6 (E_i6), lane 7: isolate 7 (E_i7), lane 8: isolate 8 (E_i8), M: size markers,

lane N: negative control (ddH,0), lane P: positive control (Acanthamoeba polyphaga).

S00-
400-

Figure 42 Gel electrophoresis of primers JDP1 and JDP2 for five isolates from air and soil samples
collected on March, 2012. Lane 1: air sample from Hengchun, farmland 3 (HC2_Air_s3), lane 2: air
sample from Hengchun, farmland 6 (HC2_Air_s6), lane 3: soil sample from Hengchun, farmland 1
(HC2_Soil_s1), lane 4: soil sample from Hengchun, farmland 3 (HC2_Soil_s3), lane 5: soil sample
from Hengchun, farmland 4 (HC2_Soil_s4), lane 6: soil sample from Hengchun, farmland 5
(HC2_Soil_s5), lane 7: soil sample from Hengchun , farmland 6 (HC2_Soil_s6), lane 8: soil sample
from Checheng, farmland 1 (CC2_Soil_s1), lane 9: soil sample from Checheng, farmland 2
(CC2_Soil_s2) , lane 10: soil sample from Checheng, farmland 3 (CC2_Soil_s3) , lane 11: soil
sample from Checheng, farmland 4 (CC2_Soil_s4), M: size markers, lane N: negative control

(ddH»0), lane P: positive control (Acanthamoeba polyphaga).
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S00-
400-

Figure 43 Gel electrophoresis of primers JDP1 and JDP2 for five isolates from water samples
collected on March, 2012. Lane 1 to Lane 3 were water sample from swimming pool F, Lane 4 to
Lane 8 were water sample from swimming pool B, Lane 9 to Lane 11 were water sample from
swimming pool C, Lane 12 to Lane 13 were water sample from swimming pool D. Lanel: isolated
1 (F_il1), lane 2: isolate 2(F_i2), lane 3: isolate 3 (F_il1), lane 4: isolated 1 (B_i1), lane 5: isolate 2
(B_i2), lane 6: isolate 3 (B_i3), lane 7: isolate 4 (B_i4), lane 8: isolate 5 (B_i5), lane 9: isolate 1
(C_i1), lane 10: isolate 2 (C_i2), lane 11: isolate 3 (C_i3), lane 12: isolate 1 (D_i1), lane 13: isolate
2 (D_i2), M: size markers, lane N: negative control (ddH,0), lane P: positive control

(Acanthamoeba polyphaga).

5.2.4. DNA sequence and species identification of isolated Acanthamoeba
The DNA sequences of 42 isolates were compared with the BLAST in NCBI in order to
identify their species. The lowest value in E Value (E < 0.05), the highest value in max score, total
score, query coverage and max ident were taken into account. The result is presented in Table 16.
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Taking the isolated A _i4 as an example, Table 16 indicate the corresponding alignment was

AY026243.1(assession number) with a description of Acanthamoeba polyphaga strain ATCC30461

small subunit ribosomal RNA gene, complete sequence, with the lowest in E Value (E = 0), and the

highest values in max score (747), total score (747), query coverage (99%) and max ident (99%).

Therefore, A. polyphaga was considered as the species for isolate NH_i4.

Overall, the 42 isolates were groups into three species, i.e. A. polyphaga, Acanthamoeba

lenticulata and Acanthamoeba jacobsi (Table 15). All isolates from swimming pools are all

belonged to A. polyphaga, sharing a similarity with query coverage between 96% to 100% (Table

15). As for 13 isolates from soil, six isolates (HC1_Soil_s2, HC2_Soil_s1, HC2_Soil_s3,

HC2_Soil_s6, CC2_Soil_s1 and CC2_Soil_s2) belonged to A. polyphaga, sharing a similarity with

query coverage of 97%, and seven isolates (HC1_Soil_s5, HC2_Soil_s4, HC2_Soil_s5,

CC1_Soil_s1, CC1_Soil_s5, CC2_Soil_s3 and CC2_Soil_s4) belonged to A. lenticulata, sharing a

similarity with query coverage between 96% to 98% (Table 15). In terms of three isolates from air

samples, two isolates (HC1_Air_s4 and HC2_Air_s6) belonged to A.polyphaga, sharing a similarity

with query coverage between 96% and 97%. However, the other isolate (HC2_Air_s3) are identify

as A. jacobsi with query coverage of 99% (Table 15).
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Table 15 Sequence regions taken for genotyping and species identifications of Acanthamoeba isolates

No. Sample Acanthamoeba Length Regions taken  Acanthamoeba species Query coverage
type isolate ID (bp) for comparison

1 Water A i4 430 8 —427 Acanthamoeba polyphaga 99%
2 Water A_i5 426 8 —425 Acanthamoeba polyphaga 96%
3 Water A_i6 429 7-425 Acanthamoeba polyphaga 97%
4 Water A7 429 8 —425 Acanthamoeba polyphaga 97%
5 Water A_i8 430 8 - 426 Acanthamoeba polyphaga 96%
6 Water E_ il 428 6 —425 Acanthamoeba polyphaga 97%
7 Water E_i2 424 7-424 Acanthamoeba polyphaga 98%
8 Water E_i3 428 8 — 427 Acanthamoeba polyphaga 100%
9 Water E i4 428 6 —425 Acanthamoeba polyphaga 97%
10  Water E_i5 429 8 —426 Acanthamoeba polyphaga 97%
11 Water E_i6 428 8-425 Acanthamoeba polyphaga 96%
12 Water E_i7 430 8 — 426 Acanthamoeba polyphaga 97%
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14

15

16

17

18

19

20

21

22

23

24

25

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

B_i2

B_i3

B_i4

431

430

428

430

430

429

424

430

428

429

428

431

430

9-428

6 —427

8 —427

8 — 427

8 - 426

7—-425

7-424

8 -426

8 - 425

8 — 426

6 —-425

9-428

8 —427

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga
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97%
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97%
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98%

96%

96%

97%

97%

98%

99%



26

27

28

29
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31

32

33
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35

36

37

38

39

Water

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

D_i2

HC1_Soil_s2

HC1_Soil_s5

CC1_Soil_s1

CC1_Soil_s5

HC2_Soil_s1

HC2_Soil_s3

HC2_Soil_s4

HC2_Soil_s5

HC2_Soil_s6

CC2_Soil_s1

CC2_Soil_s2

CC2_Soil_s3

CC2_Soil_s4

430

433

398

397

397

430

433

396

397

430

431

429

397

398

6 —427

10 -429

8 -393

8 -392

8 -392

8 -429

10 - 429

8 -392

8 —392

8-429

8 —427

6426

8 -392

8 - 393

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba lenticulata

Acanthamoeba lenticulata

Acanthamoeba lenticulata

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba lenticulata

Acanthamoeba lenticulata

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba polyphaga

Acanthamoeba lenticulata

Acanthamoeba lenticulata
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97%

98%

96%

96%

97%

97%

97%

96%

97%

99%

97%

96%
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40

41

42

Air

Air

Air

HC1_Air_s4

HC2_Air_s3

HC2_Air_s6

429

454

430

8 - 425

8 — 453

7—-426

Acanthamoeba polyphaga

Acanthamoeba jacobsi

Acanthamoeba polyphaga

97%

99%

96%
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5.2.5. Phylogenetic analysis and genotyping

The results of 42 Acanthamoeba isolates identified by BLAST analysis in same accession and
same query coverage were clustered into the same group. Altogether, 42 isolates were categorized
into 19 groups in the present study: (E_i3 and F_i2); (A_i4); (E_i8 and C_i3); (E_il, E_i4, F_i1,
C_i2,D_i2,and CC2_Soil_s2); (A_i5); (F_i3, D_il and CC2_Soil_sl1); (A_i6 and B_i2); (A_i7,

E i7,B_il1, HC1_Air_s4); (A_i8 and B_i4); (HC2_Air_s6); (E_i6 and B_i5); (E_i2 and B_i3);
(E_i5and C_il); (HC1_Soil_s2 and HC2_Soil_s3); (HC1_Soil_s5 and CC2_Soil_s4);
(HC2_Soil_s4); (CC1_Soil_s1, CC1_Soil_s5, HC2_ Soil_s5, and CC2_Soil_s3); (HC2_Soil_s1 and
HC2_Soil_s6); and (HC2_Air_s3) (Table 17). The 19 groups were used to conduct phylogenetic
analysis (Fig. 44).

By taking isolate HC2_Air_s3 as an example, it was in the same cluster with a reference strain
of T15 - A. jacobsi (AY262362). Therefore, the phylogenetic analysis illustrated Acanthamoeba
HC2_Air_s3 belonged to genotype T15 as it was in the same cluster of T15 - A. jacobsi (AY262362)
(Fig. 44). Compared to 12 reference strains (Table 9), the 19 sequence groups were divided into
three genotypes, i.e. T4, T5 and T15 (Fig. 44 and Table 16). Overall, 34 out of 42 isolates belonged
to T4 genotype (34/42, 80.95%), seven isolates were genotype T5 (7/42, 16.67%), and only one
isolate was recognized as genotype T15 (1/42, 2.38%) (Fig. 44 and Table 16). In detail, all of the 26

isolates from swimming pools belonged to genotype T4 (26/26, 100%). As for 13 isolates from soil
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samples, six isolates were genotype T4 (6/13, 46.2%) and the other seven isolates belonged to

genotype T5 (7/13, 53.8%) (Fig. 44 and Table 16). For three isolates from samples, two isolates

were genotype T4 (2/3, 66.6%) while the other belonged to genotype T15 (1/3, 33.3%) (Fig. 44 and

Table 16).

Acanthamoeba isolates from soil and isolates from ambient air in the same sampling day and

same onion farmland were revealed to have the difference in DNA base pairs. Table 17 indicated the

alignment results of different isolates from the same sampling day and same sampling site.

Acanthamoeba (HC2_Soil_s3) isolated from soil in Hengchun Township, farmland 3 and

Acanthamoeba (HC2_Air_s3) isolated from soil in Hengchun Township, farmland 3 revealed 97%

in identities and the gaps was 3%. When it comes to sampling in Hengchun Township, farmland 6,

soil isolate (HC2_Soil_s6) and air isolate (HC2_Air_s6) revealed 85% in identities and the gaps

was 15%.
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Figure 44 Neighbor-joining tree depicting the relationships between 42 isolates and 12 reference
strains of Acanthamoeba representing genotypes T4, T5 and T15. GenBank accession numbers for
reference sequences are indicated at the ends of sequence designations. Filled circles represent

environmental isolates being grouped based on BLAST results. The percentages of replicate trees in
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which the associated taxa clustered together in the bootstrap test (1,000 replicates) are shown next

to the branches.

Table 16 Summary of 42 isolates for their genotype and species

Group Genotype Species classification Strain Abbreviation®
1 T4 Acanthamoeba E i3 Ei3/Fi2
polyphaga F_i2
2 T4 Acanthamoeba A i4 Ai4
polyphaga
3 T4 Acanthamoeba E i8 Ei8/Ci3
polyphaga C.i3
4 T4 Acanthamoeba E il E i1/i4/F i1/C i2/D i2/CC2 Soil s2
polyphaga E_i4
F il
C.i2
D i2
CC2_Soil_s2
5 T4 Acanthamoeba A_i5 Ai5
polyphaga
6 T4 Acanthamoeba F i3 Fi3/D i1/CC2 Soil s1
polyphaga D il
CC2_Soil sl
7 T4 Acanthamoeba A i6 Ai6/Bi2
polyphaga B_i2
8 T4 Acanthamoeba A i7 NH i7/E i7/B i1/HC1 Air s4
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& Abbreviation is the combination of sample name utilized in phylgenetic analysis tree
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Table 17 Alignment results of different isolates from the same sampling day and same sampling site

City Location ~ Sampling site  Sample Sampling date Acanthamoeba Length taken for Identities  Gaps
type (Day/Month/Year) isolate ID comparison (bp)

Pingtung  Onion Hengchun Soil 03/21/2012 HC2_Soil_s3 430 419/430 11/430
County, farmland  Township, Air 03/21/2012 HC2_ Air s3 430 (97%) (3%)
Taiwan farmland 3

Pingtung  Onion Hengchun Soil 03/22/2012 HC2_Soil_s6 462 393/462 69/462
County, farmland  Township, Air 03/22/2012 HC2_ Air s6 462 (85%) (15%)
Taiwan farmland 6
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5.2.6. Thermotolerance and osmotolerance testing
Overall, there were 28 environmental isolates used for thermotolerance and osmotolerance

testing (Table 18).
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Table 18 Environmental isolates selected for thermotolerance and osmotolerance testing

Location Sampling site Sample Sample ID Acanthamoeba Genotype Thermotolerance
type isolate ID and
osmotolerance®
Swimming pool Swimming pool A water  ASP Water Samplel A 4 T4 Y
Swimming pool Swimming pool A water  ASP Water Samplel A_i5 T4 N
Swimming pool Swimming pool A water  ASP Water Sample2 A_i6 T4 Y
Swimming pool Swimming pool A water  ASP Water Sample2 A _i7 T4 N
Swimming pool Swimming pool A water  ASP Water Sample2 A_i8 T4 N
Swimming pool Swimming pool E water  ESP Water Samplel E il T4 N
Swimming pool Swimming pool E water  ESP Water Samplel E i2 T4 Y
Swimming pool Swimming pool E water  ESP Water Samplel E i3 T4 N
Swimming pool Swimming pool E water  ESP Water Sample2 E i4 T4 N
Swimming pool Swimming pool E water  ESP Water Sample2 E i5 T4 N
Swimming pool Swimming pool E water  ESP Water Sample2 E_i6 T4 N
Swimming pool Swimming pool E water  ESP Water Sample2 E i7 T4 N
Swimming pool Swimming pool E water  ESP Water Sample2 E i8 T4 Y
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Swimming pool
Swimming pool
Swimming pool

Swimming pool
Swimming pool
Swimming pool
Swimming pool
Swimming pool
Swimming pool
Swimming pool
Swimming pool
Swimming pool
Swimming pool
Onion farmland

Onion farmland

Onion farmland

Onion farmland

Onion farmland

Swimming pool F
Swimming pool F
Swimming pool F

Swimming pool B
Swimming pool B
Swimming pool B
Swimming pool B
Swimming pool B
Swimming pool C
Swimming pool C
Swimming pool C
Swimming pool D
Swimming pool D
Hengchun Township,
farmland 2
Hengchun Township,
farmland 5
Hengchun Township,
farmland 1
Hengchun Township,
farmland 2
Hengchun Township,
farmland 3

water

water

water

water
water
water
water
water
water
water
water
water
water
Soil

Soil

Soil

Soil

Soil

FSP Water Samplel
FSP Water Samplel
FSP Water Sample2

BSP Water Samplel
BSP Water Samplel
BSP Water Sample2
BSP Water Sample2
BSP Water Sample2
CSP Water Samplel
CSP Water Samplel
CSP Water Sample2
DSP Water Samplel
DSP Water Sample2
HC1FARM Soil Sample2

HC1FARM Soil Sample5

HC2FARM Soil Samplel

HC2FARM Soil Sample2

HC2FARM Soil Sample3
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HC2_Soil sl
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T4
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Onion farmland

Onion farmland

Onion farmland

Onion farmland

Onion farmland

Onion farmland

Onion farmland

Onion farmland

Onion farmland

Onion farmland

Onion farmland

Onion farmland

Onion farmland

Hengchun Township,
farmland 4
Hengchun Township,
farmland 5
Hengchun Township,
farmland 6
Checheng Township,
farmland 1
Checheng Township,
farmland 5
Checheng Township,
farmland 1
Checheng Township,
farmland 2
Checheng Township,
farmland 3
Checheng Township,
farmland 4
Hengchun Township,
farmland 2
Hengchun Township,
farmland 4
Hengchun Township,
farmland 1
Hengchun Township,

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Air

Air

Air

Air

HC2FARM Soil Sample4

HC2FARM Soil Sample5

HC2FARM Soil Sample6

CC1FARM Soil Samplel

CC1FARM Soil Sample5

CC2FARM Soil Samplel

CC2FARM Soil Sample2

CC2FARM Soil Sample3

CC2FARM Soil Sampled

HC1FARM Air Sample2

HC1FARM Air Sample4

HC2FARM Air Samplel

HC2FARM Air Sample2
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HC2_Soil_s4

HC2_Soil_s5

HC2_Soil_s6

CC1_Soil_s1

CC1_Soil_s5

CC2_Soil_s1

CC2_Soil_s2

CC2_Soil_s3

CC2_Soil_s4

ND¢

HC1 Air_s4

ND

ND

T4

TS5

T4

TS5

TS5

T4

T4

TS5

T4

ND

T4

ND

ND

ND

ND

ND



farmland 2

Onion farmland Hengchun Township, Air HC2FARM Air Sample3 HC2_Air_s3  T15 Y
farmland 3

Onion farmland Hengchun Township, Air HC2FARM Air Sample4 ND ND ND
farmland 4

Onion farmland Hengchun Township, Air HC2FARM Air Sample5 ND ND ND
farmland 5

Onion farmland Hengchun Township, Air HC2FARM Air Sample6 HC2_Air s6 T4 Y
farmland 6

Onion farmland Checheng Township, Air CC1FARM Air Samplel ND ND ND
farmland 1

Onion farmland Checheng Township, Air CC1FARM Air Sample5 ND ND ND
farmland 5

Onion farmland Checheng Township, Air CC2FARM Air Samplel ND ND ND
farmland 1

Onion farmland Checheng Township, Air CC2FARM Air Sample2 ND ND ND
farmland 2

Onion farmland Checheng Township, Air CC2FARM Air Sample3 ND ND ND
farmland 3

Onion farmland Checheng Township, Air CC2FARM Air Sample4 ND ND ND
farmland 4

a'Y: isolates were tested for thermotolerance and osmotolerance, N: isolates were not used for thermotolerance and osmotolerance

testing

138



b Sample loss during transportation
¢ NA: not available

d ND: non-detectable
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The results of thermotolerance and osmotolerance assays in the present study are summarized
in Table 19 and Table 20. All 28 isolates could grow at 30°C, number of Acanthamoeba per
microscopic field ranged from 122 to 316 (Table 19). For 12 isolates of swimming pools, only one
isolate from A swimming pool could not grow under 37°C, and all 12 isolates could not grow at
42°C or 52°C. Numbers of Acanthamoeba per microscopic field in 12 isolates and ATCC reference
strains are higher at 30°C than 37°C (Fig. 45). Numbers of Acanthamoeba per microscopic field in
12 isolates are all higher than ATCC reference strains when incubated at 30°C (Fig. 45). Except for
one isolate (A _i4), rest 11 isolates can grew and six isolates were higher than ATCC reference
strains when incubated at 37°C (Fig. 45). In terms of osmotolerance, all 12 isolates tolerated at 0.5
M mannitol with number of Acanthamoeba per microscopic field 18 to 100 and tolerated at 1 M
mannitol with number of Acanthamoeba per microscopic field ranged from 2 to 93 (Table 19). The
highest numbers of Acanthamoeba per microscopic field in 12 isolates are without mannitol,
followed by 0.5 M mannitol and the lowest is 1 M mannitol (Fig. 46). The numbers of
Acanthamoeba per microscopic field are higher than reference strains in only two isolates (E_i2 and
B_i3) when incubated at 1 M mannitol (Fig. 46).

As for 13 isolates from soil, seven isolates tolerated up to 52°C with number of Acanthamoeba
per microscopic field ranged from 27 to 101, nine isolates survived and grow under 42°C with

number of Acanthamoeba per microscopic field ranged from 31 to 138, and all isolates grew at
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37°C with number of Acanthamoeba per microscopic field ranged from 34 to 455. The numbers of
Acanthamoeba per microscopic field in five out of 13 isolates (38.46%) are higher when incubated
at 37°C than 30°C (Fig. 47 and Table 19). The numbers of Acanthamoeba per microscopic field are
higher than reference strains in 10 isolates when incubated at 37°C (Fig. 47 and Table 19). Thers
were nine isolates survived and grow under 42°C. But only seven isolates retained their viability
after 24 hours exposure 52°C and migrated at 30°C.When testing for osmotolerance, only one
isolate (HC2_Soil_s6) survived at 1 M mannitol with 4 Acanthamoeba per microscopic field, but all
13 isolates grew at 0.5 M mannitol with number of Acanthamoeba per microscopic field ranged
from 22 to 140 (Table 19). The highest numbers of Acanthamoeba per microscopic field in 13
isolates are without mannitol, followed by 0.5 M mannitol and the lowest is 1 M mannitol (Fig. 48
and Table 19). The numbers of Acanthamoeba per microscopic field in 13 isolates are all lower than
ATCC reference strains when incubated at 1 M mannitol (Fig. 48 and Table 19).

In terms of three isolates from air samples, two isolates can grew at 37°C with number of
Acanthamoeba per microscopic field 94 and 156, however, none of the three isolates was observed
under 42°C or 52°C. The numbers of Acanthamoeba per microscopic field in two out of three
isolates (66.67%) are higher when incubated at 37°C than 30°C (Fig. 49 and Table 19). The numbers
of Acanthamoeba per microscopic field are higher than ATCC reference strains in two isolates

(HC2_Air_s3 and HC2_Air_s6) when incubated at 37°C (Fig. 49 and Table 19). As for
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osmotolerance testing, only one isolate (HC1_Air_s4) grew under 0.5 M mannitol with 38

Acanthamoeba per microscopic field and 1 M for mannitol with two Acanthamoeba per

microscopic field, while another isolate (HC2_Air_s6) could only grew at 0.5 M mannitol with 52

Acanthamoeba per microscopic field (Table 19). The highest numbers of Acanthamoeba per

microscopic field in three isolates are without mannitol, followed by 0.5 M mannitol and the lowest

is 1 M mannitol (Fig. 50 and Table 19). The numbers of Acanthamoeba per microscopic field in

three isolates are all lower than ATCC reference strains when incubated at 1 M mannitol (Fig. 50

and Table 19).
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Table 19 Results of genotype, thermotolerance and osmotolerance testing shown by number of Acanthamoeba for water, soil and air

samples and two Acanthamoeba reference strains

No. Acanthamoeba Genotype Mean number + SD of Acanthamoeba per microscopic field®

isolate 1D At 30°C, At 37°C, 10 At 42°C, 10 At 52°C (24 At 30°C, with At 30°C, with 1
without days days hours), 0.5 M mannitol, M mannitol, 10
mannitol, 10 followed by 10 days days
days 30°C, 9 days

ENVIRONMENTAL ISOLATES

1 A i4 T4 122.04+24.16 0O 0 0 17.85+£10.40 8.41+6.53

2 A _i6 T4 148.33+28.19 115.81+26.18 0 0 69.33+19.42  5.56+3.64

3 E i2 T4 130.48+22.94 38.26+40.57 O 0 99.85+38.54  87.93+18.71
4 E_i8 T4 290.74+£16.34 46.41+27.44 0O 0 66.52+23.04  1.66+2.63

5 F il T4 178.71+31.72 38.11+1582 0 0 54.70+20.51  2.67+2.39

6 F i3 T4 187.48+38.2  126.3+2533 0 0 96.33+30.93  19.11+10.17
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153.15+25.26

162.11+46.86

316.19+38.5
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384.63+31.39
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124.52+21.81
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120.96+25.27

70.48+24.45
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26.19+10.02

454.81+39.45

318.33+£135.55 113.56+23.63

63.81+18.05

0
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100.52+17.45

9742421

116.78+32.23

86.59+29.65

86.04+25.42

64.26+25.4

43.19+22.07

140.3+46.81

42.19+10.28

102.22+33.84

20.19+10.78

93.19+20.47

28.70+17.66

3.44+4.03
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22

23
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HC2_Soil_s3

HC2_Soil s4

HC2_Soil_s5
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CC1_Soil_s1
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CC2_Soil_s3
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T5
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297.52+34.04

60.04+12.04

264.3+45.31
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335.56+64.87
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0

30.37+12.68

96.3+19.8

122.07+18.01

49.26+22.72

138.44+26.78

101.59+23.54

98.63+36.18

91+25.84
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27.37+13.69

42.37+14.7

85.89+15.99

37.07+11.31

52.81+18.15

78.22+25.69

124.22+31.96 O

47.37£17.92

52.85+18.53

88.15+22.17

69.81+30.28

21.96+11.4

52.52+15.62

41.85+18.72

58+25.08

35.22+16.04

0

4.22+12.25



26 HC1_Airs4 T4 195.78+36 0 0 0 38.15+16.77  2.3x1.71

27 HC2_Air_s3 Ti15 76.44+19.37  93.96+13.17 0 0 0 0

28 HC2_Air_s6 T4 58.70£15.05  155.59+35.66 0O 0 52.33+11.63 O

REFERENCE STRAINS

1 Acanthamoeba 76.04 +£48.29 63.85+68.18 0 0 77.37+14.71 78.07 £41.36
polyphaga (ATCC
30461) from
Acanthamoeba keratitis”

2 Acanthamoeba 45.04 £15.01 29.19+8.15 0 0 15.41 £7.03 5.78 £ 6.36
castellanii (ATCC
30234) from Yeast
culture®

a Mean number of Acanthamoeba (n=3)

b Acanthamoeba polyphaga (ATCC 30461), isolated from Acanthamoeba keratitis, genotype T4 (Thompson et al., 2008), was used
as a reference of potentially pathogenic isolate

¢ Acanthamoeba castellanii (ATCC 30234), isolated from yeast culture, was used as a reference examples of probably pathogenic

isolates (Maghsood et al., 2005)
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Figure 45 Results of thermotolerance testing for reference strains and 12 Acanthamoeba isolates
collected from water of swimming pools (n=3). There were no Acanthamoeba including isolates

and reference strains incubated at 42°C and 52°C
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Figure 46 Results of osmotolerance testing for reference strains and 12 Acanthamoeba isolates
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collected from water of swimming pools (n=3).

microscopic field

Number of Acanthamoeba !

Sample ID

Figure 47 Results of thermotolerance testing for reference strains and 13 Acanthamoeba isolates

collected from soil of onion farmlands (n=3)
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Figure 48 Results of osmotolerance testing for reference strains and 13 Acanthamoeba isolates

collected from soil of onion farmlands (n=3).

250

200

150

——30TC
100 )
=37

microscopic field

50

Number of Acanthamoeba !

HC1 Air s4 HC2 Air s3 HC2 Air s6 A. A. castellanii
polyphaga

Sample ID

Figure 49 Results of thermotolerance testing for reference strains and 3 Acanthamoeba isolates

collected from air of onion farmlands (n=3). There were no Acanthamoeba including isolates and
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reference strains incubated at 42°C and 52°C
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Figure 50 Results of osmotolerance testing for reference strains and 3 Acanthamoeba isolates

collected from air of onion farmlands (n=3).
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Table 20 Results of genotypes, thermotolerance and osmotolerance testing shown by semi-quantitative score value for environmental

samples and reference strains

No. Acanthamoeba Sampling site  Sample Genotype Score®
isolate ID type At 30°C, At37°C, At42°C, At52°C (24 At30°C, At30°C,
without  10days 10days  hours), with0.5 M with1 M
mannitol, followed by mannitol, 10 mannitol,
10 days 30°C, 9 days days 10 days
ENVIRONMENTAL ISOLATES
1 A_i4 Swimming Water T4 B i — — 2+ +
pool A
2 A_i6 Swimming Water T4 3+ 5+ - - 4+ +
pool A
3 E i2 Swimming Water T4 Bt gt - - 5+ 4+
pool E
4 E i8 Swimming Water T4 6+ 3+ — — 4+ +
pool E
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10

11

12

Swimming
pool F

Swimming
pool F

Swimming
pool B

Swimming
pool B

Swimming
pool C

Swimming
pool C

Swimming
pool D

Swimming
pool D

Water

Water

Water

Water

Water

Water

Water

Water

T4

T4

T4

T4

T4

T4

T4

T4

6+

6+

6+

6+

6+

7+

6+

6+

3+

5+

5+

4+

5+

4+

5+

2+

3+

5+

5+

5+

4+

4+

4+

3+

2+

2+

5+

2+



13

14

15

16

17

18

19

20

21

HC1 Soil_s2

HC1 Soil_s5

HC2_Soil_sl

HC2_Soil_s3

HC2_Soil_s4

HC2_Soil_s5

HC2_Soil_s6

CC1_Soil_s1

CC1_Soil_s5

Onion
farmland in
HengChun
Onion
farmland in
HengChun
Onion
farmland in
HengChun
Onion
farmland in
HengChun
Onion
farmland in
HengChun
Onion
farmland in
HengChun
Onion
farmland in
HengChun
Onion
farmland in
CheCheng
Onion

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

T4

T4

T4

T4

T4

15

T4

T5

T5

7+

6+

5+

6+

4+

6+

5+

7+

6+
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7+

7+

4+

7+

3+

6+

3+

5+

6+

5+

3+

5+

5+

3+

5+

2+

3+

4+

3+

5+

3+

5+

5+

3+

3+

4+

4+

2+



22

23

24

25

26

27

28

CC2_Soil_s1

CC2_Soil_s2

CC2_Soil_s3

CC2_Soil_s4

HC1 Air_s4

HC2_Air_s3

HC2_Air_s6

farmland in
CheCheng
Onion
farmland in
CheCheng
Onion
farmland in
CheCheng
Onion
farmland in
CheCheng
Onion
farmland in
CheCheng
Onion
farmland in
HengChun
Onion
farmland in
HengChun
Onion
farmland in
HengChun

Soil

Soil

Soil

Soil

Air

Air

Air

T4

T4

T5

T4

T4

T15

T4

6+

6+

6+

5+

6+

4+

3+

6+

6+

6+

6+

5+

6+

5+

5+

5+

5+

3+

4+

3+

3+

3+

3+

3+

3+

REFERENCE STRAINS




1 Acanthamoeba polyphaga (ATCC 30461) from 4+ 4+ — — 4+ 4+
Acanthamoeba keratitis”

2 Acanthamoeba castellanii (ATCC 30234) from 3+ 2+ — — 2+ +
Yeast culture®

a Score: with number of Acanthamoeba/microscopic field counts of zero being scored as —, one to14 being scored as +, 15 to 29
being scored as 2+, 30 to 59 being scored as 3+, 60 to 89 being scored as 4+, 90 to 149 being scored as 5+, 150 to 299 being scored
as 6+, 300 to 500 being scored as 7+, respectively (n=3)

b Acanthamoeba polyphaga (ATCC 30461), isolated from Acanthamoeba keratitis, genotype T4 (Thompson et al., 2008), was used
as a reference of potentially pathogenic isolate

¢ Acanthamoeba castellanii (ATCC 30234), isolated from yeast culture, was used as a reference examples of probably pathogenic

isolates (Maghsood et al., 2005)
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5.3. Environmental factors
5.3.1. Swimming pool

To evaluate the factors associated with Acanthamoeba potentially pathogenicity, the
environmental factors of six swimming pools were studied. Table 21 indicates the average values
and ranges of environmental factors from water sampled from six swimming pools.

The highest value of free residual chlorine was A swimming pool (0.99 mg/L) and the lowest
was E swimming pool (0.26 mg/L) among six swimming pools. There were similar in pH and water
temperature among six swimming pools. The six swimming pools are all indoor heated swimming
pools, therefore the temperature were well-controlled, ranged from 27.43 to 30.48°C. The highest
value of turbidity was A swimming pool (0.8 NTU) and lowest was C swimming pool (0.3 NTU)
among six swimming pools. The highest value of hardness was E swimming pool (246.67 mg/L as
CaCO03) and the lowest was D swimming pool (36.5 mg/L as CaCQO3) among six swimming pools.
There were similar in dissolved oxygen among six swimming pools, with the highest was in F
swimming pool (9.28 mg/L) and the lowest was A swimming pool (7.21 mg/L). The highest value
of salinity was F swimming pool (0.5%o) and the five swimming pools were 0.2 to 0.3%.. The
highest value of conductivity was F swimming pool (987.83 uS/cm) and the lowest was JhongJheng
sports center swimming pool (437.5 uS/cm) among six swimming pools. The highest value of total

dissolved solids was F swimming pool (484.5 mg/L as NaCl) and the lowest was D swimming pool
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(211.83 mg/L as NaCl) among six swimming pools. As for heterotrophic plate count, the highest
concentration was E swimming pool (4591.67 CFU/mL) and the lowest was D swimming pool
(125.42 CFU/mL) among six swimming pools. The population density in A swimming pool was the
highest among six swimming pools (0.112 people/ m?) and population density in D swimming pool

was the lowest (0.048 people/ m?).
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Table 21 Environmental factors of water samples from six swimming pools

Environmental factors

Arithmetic mean + SD

(Range)

A-SP? E-SP° F-SP° B-SP¢ C-SP* D-SPf
Free residual chlorine 0.99+0.10 0.26+0.10 0.35+0.01 0.50+0.06 0.61+0.13 0.65+0.16
(mg/L) (n=6) (0.85-1.11) (0.18-0.38) (0.34-0.36) (0.45-0.59) (0.42-0.76) (0.58-0.87)
pH (n=6) 7.22+0.07 7.40+£0.24 7.30+£0.03 7.17+0.02 7.27+0.02 7.01+0.02

(7.09-7.28) (6.92-7.55) (7.25-7.34) (7.15-7.19) (7.24-7.3) (6.98-7.04)
Water temperature 29.98+0.15 30.48+0.04 27.43+0.22 28.18+0.48 28.52+0.24 27.93+0.46
(°C) (n=6) (29.8-30.2) (30.4-30.5) (27.1-27.7) (27.3-28.7) (28.2-28.9) (27.1-28.3)
Turbidity (NTU) 0.80+0 0.48+0.08 0.69+0.06 0.42+0.11 0.30+0.03 0.38+0.05
(n=6) (0.8) (0.4-0.6) (0.58-0.74) (0.28-0.56) (0.25-0.34) (0.32-0.44)
Hardness (mg/L as  53.33%£7.97 246.67+8.16 42.83+£12.45 90.50+5.96 71.83+9.00 36.50+6.80
CaCOs) (n=6) (40-62) (230-250) (29-56) (83-97) (61-86) (26-44)
Dissolved oxygen 7.21+0.08 7.3£0.06 9.28+0.12 8.05+0.48 8.65+0.21 8.81+0.07
(mg/L) (n=6) (7.1-7.3) (7.21-7.36) (9.1-9.4) (7.66-8.96) (8.26-8.86) (8.72-8.89)
Salinity (%0)(n=6)  0.20+0 0.30+0 0.50+0 0.30+0 0.30+0.03 0.20+0

(0.2) (0.3) (0.5) (0.3) (0.3) (0.2)
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Conductivity (uS/cm) 570.33+2.58

(n=6)

(567-574)

Total dissolved solids 276.33+1.21
(mg/L as NaCl) (n=6) (275-278)

Heterotrophic plate
count (CFU/mL)
(n=6)

Population density
(people/m?) (n=1)

717.08+83.21
(642-722.5)

0.112

780.33+1.03
(779-782)

381+0.63
(380-382)

4591.67+476.1
(4000-5375)

0.068

987.83+0.98

(987-989)

484.50+0.55
(484-485)

489.17+21.72
(462.5-525)

0.094

705.67+4.50
(701-711)

343.67+2.25
(341-346)

235.8351.78
(152.5-275)

0.071

640/33+2.34
(639-645)

311.50+1.22
(311-314)

432.50+14.32
(410-445)

0.073

437.5+2.95
(435-442)

211.83+1.17
(211-214)

125.42+19.46
(95-152.5)

0.048

a A swimming pool
b E swimming pool
¢ F swimming pool
d B swimming pool
e C swimming pool

f D swimming pool
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5.3.2. Soil of onion farmlands

Environmental factors of soil were collected during sampling in 2012. Table 22 indicates the
values of three environmental factors for soil of nine onion farmlands. The results indicated water
content in Hengchun onion farmland 5 (19.04%) was the highest, and the lowest was Hengchun
onion farmland 4 (2.19%) among all the onion farmlands. It was noted that the pH of soil was 7.55
in Hengchun onion farmland 1, which was the highest among all the onion farmlands, and the
lowest was Checheng onion farmland 4 (6.57). In terms of heterotrophic plate count, Hengchun
onion farmland 5 (6.5 x 10® CFU/g) was the highest, and the lowest was Hengchun onion farmland
4 (4.5 x 10" CFU/g) among all the onion farmlands. Overall, the water contents were less in soil and
considered as dry soil, the pH were in around 7, and higher concentrations of heterotrophic plate

count were in all soils.

Table 22 Environmental factors of soil samples from onion farmlands in HengChun, CheCheng

Township (n = 1)

No. Sampling site Sampling date Acanthamoeba Environmental factors

(Month/Day/Year) isolated 1D Water pH Heterotrophic plate
content (%) count (CFU/g)
1 Hengchun 03/20/2012 HC2_Soil_s1  9.22 755  7x10
Onion
Farmlandl
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Hengchun
Onion
Farmland3

Hengchun
Onion
Farmland4

Hengchun
Onion
Farmland5

Hengchun
Onion
Farmland6

Checheng
Onion
Farmlandl

Checheng
Onion
Farmland2

Checheng
Onion
Farmland3

Checheng
Onion
Farmland4

03/21/2012

03/21/2012

03/22/2012

03/22/2012

03/19/2012

03/23/2012

03/23/2012

03/24/2012

HC2_Soil_s3

HC2_Soil_s4

HC2_Soil_s5

HC2_Soil _s6

CC2_Soil_s1

CC2_Soil_s2

CC2_Soil_s3

CC2_Soil_s4

5.61

2.19

19.04

15.01

3.69

8.14

3.05

6.68

7.38

7.28

7.35

1.47

7.02

7.29

6.64

6.57

1.1x 108

45 x 10’

6.5 x 10°

1x 108

2 x 108

8 x 10’

2.4 %108

1.85 x 108
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5.3.3. Ambient air of onion farmlands
Environmental factors of ambient air were collected during sampling in 2012.Table 23
indicates the values of environmental factors in the ambient air of 10 onion farmlands. Temperature
in Hengchun onion farmland 2 (31.43°C) was the highest and temperature in Checheng onion
farmland 4 (20.13°C) was the lowest among all onion farmlands. Wind velocity in Hengchun onion
farmland 4 (6.31 m/s) was the highest and in Hengchun onion farmland 1 (1.48 m/s) was the lowest
among all onion farmlands. Relative humidity in Hengchun Onion Farmland 6 (72.08 %) was the

highest and in Hengchun Onion Farmland 2 (54.38%) was the lowest among all onion farmlands.
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Table 23 Environmental factors of the ambient air of onion farmlands in HengChun, CheCheng Township (n = 6)

No. Sampling site Sampling date Acanthamoeba  Temperature (°C) Wind velocity (m/s) Relative humidity
(Month/Day/Year) isolated ID (RH, %)
Arithmetic mean =  Arithmetic mean £  Arithmetic mean +
SD SD SD
(Range) (Range) (Range)
1 Hengchun Onion ~ 03/20/2012 ND?® 29.05 + 0.65 148 £0.73 64.93 + 2.48
Farmlandl (28.1 -29.9) (1.02-2.92) (62.6 — 69.3)
2 Hengchun Onion ~ 03/20/2012 ND 31.43+2.24 158 £0.77 5438+ 7.71
Farmland2 (28.8 — 34.3) (0.48 - 2.68) (45.1 -63.7)
3 Hengchun Onion  03/21/2012 HC2_Air_s3 27.32 +0.93 2.53 +£0.64 56.62 + 3.18
Farmland3 (26.1 - 28.6) (1.29 - 3.06) (52.5-60.3)
4 Hengchun Onion ~ 03/21/2012 ND 25.38 + 2.08 6.31+0.34 64.08 + 7.15
Farmland4 (22.5-28) (5.77 - 6.69) (55.9-74.7)
5 Hengchun Onion  03/22/2012 ND 29.03 £ 0.52 5.05 +0.66 62.15+1.13
Farmland5 (28.3 -29.9) (3.79-5.5) (60.8 — 63.8)
6 Hengchun Onion 03/22/2012 HC2_Air_s6 27.14 +1.35 3.42+0.96 72.08 £5.71
Farmland6® (25.5-28.9) (2.26 — 4.93) (65.1 -78.8)
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7 Checheng Onion
Farmlandl

8  Checheng Onion
Farmland?2

9 Checheng Onion
Farmland3

10  Checheng Onion
Farmland4

03/19/2012

03/23/2012

03/23/2012

03/24/2012

ND

ND

ND

ND

30.45+1.37
(28.2-31.7)

31.02 +0.90
(29.6 - 32)

31.1+1.66
(29.4 - 33.5)

20.13 +0.73
Qa3 _5214)

2.68 +0.27
(2.33-3)

1.81+0.64
(1.39 - 2.92)

2.07 +0.65
(1.28 - 2.8)

5.84 + 0.55
(5-6.4)

55.97 + 4.67
(51.4 - 64.1)

631224
(60.9 - 67)

66.75 + 5.85
(58.4 — 73.5)

68.55 +2.14
(65.9-72.2)

2 Non-detectable for Acanthamoeba

bTemperature, wind velocity, and relative humidity in Hengchun Township, farmland 6 at 150 min were not collected
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Chapter 6 Discussion
6.1. Quality assurance and quality control on thermotolerance and
osmotolerance pretesting
6.1.1. Thermotolerance
A.polyphaga and A.castellanii were able to grow at 37°C (Table 10 and Table 11). The
maximum number of A.polyphaga (69 cells/microscopic field) occurred at 9™ day of incubation at
the distance ranging from 15.36 to 24.82 mm away from the plate center (Table 10 and Fig. 13). As
for A.castellanii, it was found on 8"day of incubation at the distance ranging from 26.00 to 35.45
mm away from the plate center, with the number of 54 cells/microscopic field (Table 11 and Fig.
14). Neither A.polyphaga nor A.castellanii was detected at 42°C incubation. To investigate the
effects of higher temperatures on amoebic viability, A.polyphaga and A.castellanii were exposed to
52 °C for 24 hours prior to incubations at 30°C, which favored for amoebic excystation. The test
revealed that A.polyphaga and A.castellanii could not tolerate and migrate at 52°C. Most studies on
evaluation of thermotolerance isolated Acanthamoeba were based on the presence or absence of
Acanthamoeba at 37°C or higher incubation temperatures; however, the observation area on agar
was not mentioned (Gianinazzi et al., 2010; Kilic et al., 2004; Lorenzo-Morales et al., 2006). In the
present study, quantitative data was provided since we controlled the initial number of

Acanthamoeba (1000 cells) on each NNA plate and counted the number of Acanthamoeba on the
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10" day after incubation at a given area (15.36 to 24.82 mm away from the center plate) of the agar
plate, which proved a better indicator on thermotolerance testing, similar to the study designed by
Caumo et al. (2009). Caumo et al. (2009), used A. castellanii Neff (ATCC 30010) isolated from soil
environment (Neff) as the probably nonpathogenic strain and another clinical (T4) strain of A.
castellanii (ATCC 50492) isolated from AK patient as the potentially pathogenic isolate in their
thermotolerance and osmotolerance assay. They reported that the number of Neff strain and T4
strains was greater than 30 cysts and/or trophozoites at 37°C, as for 42°C incubation, Neff strain
revealed no growth and T4 strain revealed 16 to 30 cysts and/or trophozoites. Pathogenic T4 strain
indicated higher thermotolerance at 42°C than non-pathogenic Neff strain.

In the present study, A. polyphaga (ATCC 30461) and A. castellanii (ATCC 30234) were
represented as potentially pathogenic strain and probably pathogenic strain, respectively. A.
polyphaga (ATCC 30461) was isolated from AK patient and therefore identified as potentially
pathogenic strain in the present study. The cytotoxicity determined using LDH assays revealed 51.5
+ 4.5 reported by Maghsood et al. in 2005, and thus recognized A. castellanii (ATCC 30234) as
probably pathogenic strain. Our results on thermotolerance showed both A. polyphaga (ATCC
30461) and A. castellanii (ATCC 30234) stains can grow at 37°C (Table 10 and Table 11), which is
similar with Caumo et al. (2009). However, both A. polyphaga (ATCC 30461) and A. castellanii

(ATCC 30234) stains in present study cannot grow at 42°C, which is different from Caumo et al.
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(2009), the Neff strain revealed no growth and T4 strain revealed 16 to 30 cysts and/or trophozoites.
The growth ability difference between Acanthamoeba strains isolated from AK patient at 42°C may
attribute to temperature tolerance decrease after long-term axenic culture at room temperature

(Pumidonming et al., 2010).

6.1.2. Osmotolerance

A. polyphaga and A.castellanii grew well without addition of mannitol. A. polyphaga grew
better than A. castellanii at 1M mannitol, the maximum number of A. polyphaga (78
cells/microscopic field) was found at 10" day of incubation at the distance ranging from 15.36 to
24.82 mm away from the plate center (Table 12 and Fig.15). As for A. castellanii, the maximum
number (5 cells/microscopic field) was found at 10" day of incubation at the distance from 15.36 to
24.82 mm away from the plate center (Table 13 and Fig. 16).

Similar to thermotolerance, most previous studies on evaluation of osmotolerance of isolated
Acanthamoeba were based on the presence or absence of Acanthamoeba at 1 M of mannitol; and
the author did not mention the observation area on agar (Gianinazzi et al., 2010; Kilic et al., 2004;
Lorenzo-Morales et al., 2006). In the present study, we provide the quantitative data by controlling
the initial number of Acanthamoeba and counting the number of Acanthamoeba at 10" day after

incubation at a fixed area (15.36 to 24.82 mm) of the agar plate, similar to the study by Caumo et al.
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(2009). A. castellanii Neff (ATCC 30010) as probably nonpathogenic and clinical (T4) strains of A.
castellanii (ATCC 50492) as pathogenic strains showed that 16 to 30 cysts and greater than 30
and/or trophozoites were observed for Neff strain and T4 strain, respectively at 0.5 M mannitol. As
for testing at 1 M mannitol, Neff strain revealed no growth and T4 strain revealed 16 to 30 cysts
and/or trophozoites. Their results show that pathogenic T4 strain higher osmotolerance at 1 M
mannitol than non-pathogenic Neff strain. Our results on osmotolerance showed that although both
A. polyphaga (ATCC 30461) and A. castellanii (ATCC 30234) stains can grow at 0.5 M mannitol,
the number of Acanthamoeba cells per microscopic field of A. polyphaga were greater than A.
castellanii, indicated A. polyphaga grew better than A. castellanii at 1 M mannitol (Table12 and
Table 13). This is similar with Caumo et al. (2009), T4 strain revealed 16 to 30 cysts and/or
trophozoites while Neff strain revealed no growth of cysts and/or trophozoites. Overall,
Acanthamoeba strains isolated from AK patients in our study (A. polyphaga) and in Caumo et al.
(2009) (T4 strain) can grew at 1 M mannitol, which is also correlated with studies revealed

pathogenic Acanthamoeba can withstand osmolarity similar to human eyes (Khan et al., 2001).

6.2. Environmental investigation
6.2.1. Axenic culture and Xenic culture

Xenic culture by sterilized PAS with heat-killed E.coli rather than axenic culture by PYG
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medium were used to proliferate Acanthamoeba isolates in present study since the difficulty in

axenizing Acanthamoeba isolates using PYG medium for amoeba-positive samples. Due to the

interference caused by fungi and bacteria. Besides, literature indicates that some Acanthamoeba

strains are difficult to multiply in PYG medium (Nagyova et al., 2010a; Nagyova et al., 2010b), and

mentioned that out of 22 samples obtained from various sites in Tehran, 13 (59%) isolates readily

adapted to growth in monoxenic medium and identified as Acanthamoeba spp. microscopically.

Only two isolate were successfully cultured in an axenic PYG medium (Eftekhar et al., 2010).

6.2.2. Positive rate of Acanthamoeba isolates

6.2.2.1. Pool water

The present study shows the presence of Acanthamoeba in the water of all six heated indoor

swimming pools, surface soil of all 11 onion farmlands in soils and ambient air of three onion

farmlands (Table 14). Our observations accorded with the findings by Caumo et al., 20009,

mentioning that Acanthamoeba can withstand chlorination in pool water with free chlorine level

1.0-4.0 mg/L.

In the present study, all water samples from swimming pools detected the presence of

Acanthamoeba isolations (positive rate = 100%) utilizing microscopy and PCR approaches. A

summary of studies on the positive rate for Acanthamoeba isolated from swimming pools is
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presented on Table 14. Rezaeian et al. (2008) detected 2 positive water samples from six swimming

pools in Tehran (Table 24). In Poland, Acanthamoeba was detected in more than half of the

swimming pools investigated by Gornik and Kuzna-Grygiel (2004), considered frequency of

Acanthamoeba detection in open-air swimming pools, being attributed not only to the resistance to

chlorination but to the atmospheric precipitation and organic pollution of the pools by humans

(Table 24). In Finland, only one in 12 swimming pools (8.33%) were found Acanthamoeba-positive

(Vesaluoma et al., 1995), probably because of the efficient disinfection and cleaning of the sampled

pools (Table 24). Rivera et al. (1993) discovered Acanthamoeba, with four pathogenic strains most

frequently found, in five out of 11 swimming pools (45.5%) in Mexico City, and they attributed

their findings to lack of maintenance of adequate hygiene condition in pools (Table 24). The

difference in Acanthamoeba positive rate in swimming pools between our study and Rezaeian et al.

(2008) may attributed to the Acanthamoeba identification methods, we utilized microscopy and

PCR with primers JDP1/JDP2 to identified Acanthamoeba, and the two studies only take

microscopy method into account. The difference in Acanthamoeba positive rate in swimming pools

between our study and Vesaluoma et al. (1995) may not only attributed to the Acanthamoeba

identification methods, we utilized microscopy and PCR with primers JDP1/JDP2 to identified

Acanthamoeba, and the two studies only take microscopy method into account, but to the highest

free chlorine concentration in swimming pools (3.3 mg/L), which is much higher than our study
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from six swimming pools (0.26 — 0.99 mg/L).

The presence of Acanthamoeba in swimming pools may be explained by the resistance of their
cyst stages to chlorination of the water. In addition, insufficient cleaning and disinfection with scrub
the surfaces of pool and the purification installations in the swimming pools are also contributed
Acanthamoeba in swimming pools. Studies on pathogenic FLA present in swimming pools by De
Jonckheere (1979) have shown that the amoebae, especially Acanthamoeba spp., are probably
introduced into the water from the soil (surrounding grounds) and by humans, and are not
permanent residents of the chlorinated water. However, Acanthamoeba were probably from the
same source since the species and genotype in six swimming pools yield the same in the present
study. The Acanthamoeba may be more diverse in species and genotype if Acanthamoeba were

introduced into the water from the surrounding grounds by humans,
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Table 24 Summary of studies on the positive rate for Acanthamoeba isolated from swimming pools

Country Sampling Positive rate  Identifications of Acanthamoeba Environmental factors Reference
site for Acanthamoeba spp. Environmental ~ Value
Acanthamoeba factors
Brazil Swimming 13/65 (20%)  Microscopy and PCR NA? NA NA Caumo and
pools with primers Rott, 2011
JDP1/JDP2
Switzerland Heated 1/1 (100%) Microscopy and PCR  Acanthamoeba Water 29.1°C Gianinazzi et al.,
indoor with primers lenticulata temperature 2009
swimming JDP1/JDP2
pool
Philippines Swimming 1/1 (100%) Microscopy and PCR Acanthamoeba NA NA Rivera and
pool with primers lenticulata Adao, 2008
JDP1/JDP2
Iran Swimming 2/6 (33.3%)  Microscopy NA NA NA Rezaeian et al.,
pools 2008
Poland Indoor 10/10 (100%) Microscopy and NA Water 27 - 33°C Gornik and
swimming negative flagellation temperature in Kuzna-Grygiel,
pools test indoor pools 2004
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Finland

Open-air  3/3 (100%)
swimming
pools

Swimming 1/12 (8.33%) Microscopy
pools

NA
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Chlorine 0.3-05
concentration in - pg/mL
indoor pools

In one of the 0.1 mg Os/dm?®

indoor pools, i.e.
No. 10, water was
additionally
conditioned with
ozone

Water 27 - 30°C
temperature in
open-air pools

Total plate count 0-3000
(cfu/mL)

Combined 0.05-15
chlorine (mg/L)

Free chlorine <0.05-3.3
(mg/L)

Total chlorine 0.25-4.8
(mg/L)

Vesaluoma et
al., 1995




pH

Potassium
permanganate
index (mg/L)

Turbidity (FTU)

Urine (mg/L)

39 -91

1.4-23

0.09-5.9

<0.1-25

2 NA: not available
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6.2.2.2. Soil of onion farmlands

Similar to pool water, we detected 13 soil samples (100%) by using microscopy and PCR

approaches. A summary of studies on the positive rate for Acanthamoeba isolated from swimming

pools is presented on Table 25. Tsvetkova et al. (2004) also discovered Acanthamoeba in all 11 soil

samples including clay and sand (100%) in Bulgarian. Another study also detected Acanthamoeba

in all five soil samples (100%) from Tehran University campus and Laleh Park in Tehran City in

Tehran (Rezaeian et al., 2008). Followings are some studies revealed that Acanthamoeba in almost,

but not all soil samples they collected. Acanthamoeba genus-specific DNA was detected in 69 of 75

soil samples (97.18%) collected from public parks located in the central area of Sapporo City, Japan

in Kawaguchi et al. (2009). Kilic et al. (2004) detected Acanthamoeba in almost all of the 28 soil

from and around Military Medical Hospital and most of soil samples were taken from plant pots in

different departments of the hospital. in Ankara, Turkey. However, Acanthamoeba were identified in

43 of 114 (37.7%) soil samples, which were further tested for their potentially pathogenic were

done in Lorenzo-Morales et al., 2005 at Tenerife, Canary Islands, Spain.

The difference in Acanthamoeba positive rate in soil samples between our study and

Lorenzo-Morales et al. (2005) may not only attributed to the Acanthamoeba identification methods,

both of our study and Lorenzo-Morales et al. (2005) utilized microscopy and PCR in identification

of Acanthamoeba. JDP1/JDP2 are the primers we utilized, which are different from
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Lorenzo-Morales et al. (2005), A. astronyxis, A. divionensis and A. polyphaga specific primer.
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Table 25 Summary of studies on the positive rate for Acanthamoeba isolated from soil

Country  Sampling site Positive rate for Identifications of Acanthamoeba Environmental Reference
Acanthamoeba Acanthamoeba spp. factors
Japan Public parks located 69/71 (97%) Microscopy and PCR with  NA? NA Kawaguchi
in the central area of primers JDP1/JDP2 etal., 2009
Sapporo City
Iran From numerous localities  Others: 5/5 Microscopy NA NA Rezaeian et
including an eye center, (100%) al., 2008

university campus (Tehran Eye center:
University) and Laleh Park  2/2(100%)
in Tehran City

Philippines Collected in various regions 10/10 (100%)  Microscopy and PCR with ~ Acanthamoeba NA Rivera and
of the Philippines primers JDP1/JDP2 lenticulata Adao, 2008
Spain soil sources in Tenerife, 43/114 (37.7%) Microscopy and PCR with  A. polyphaga NA Lorenzo-Mo
Canary Islands, Spain A. astronyxis, A. divionensis rales et al.,
and A. polyphaga specific 2005
primer
Turkey Most of soil samples were  For samples Microscopy and PCR with  NA NA Kilic et al.,
taken from plant pots the were not genus-specific primers 2004
hospital contaminants:
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16/16 (100%)

2 NA: not available
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6.2.2.3. Air of onion farmlands

We detected Acanthamoeba in three out of 14 air samples (21.43%) from onion farmlands by

utilizing microscopy and PCR approaches. A summary of studies on the positive rate for

Acanthamoeba isolated from swimming pools is presented on Table 26. A survey was carried out

over a one-year period to isolate amoebae suspended in the air of Mexico City, and the author

reported A. polyphaga as the highest abundant strains (Rivera et al., 1994). We also revealed A.

polyphaga in the air of onion farmlands (Table 14).Overall, previous studies on identifications of

Acanthamoeba were only based on microscopy, which are different from our study. We utilized

microscopy with PCR approaches which reduce the pseudo-negative in Acanthamoeba.
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Table 26 Summary of studies on the positive rate for Acanthamoeba isolated from ambient air

Country Sampling site Positive rate

Identifications Acanthamoeba spp.

Environmental factors

Reference

for of Environmenta Value
Acanthamoeba Acanthamoeba | factors
Mexico City of San NA? Microscopy  A. polyphaga, A. culbertsoni, A. NA NA Rodriguez-Za
Luis Potosi, lenticulata, A. astronyxis, A. ragoza and
Mexico triangularis, A. triangularis, A. Magana-Bece
species, A. griffini, A. rhysodes, rra, 1997
A. comandoni, A. lugdunensis, A.
mauritaniensis and A.
palestinensis
Mexico Mexico City NA Microscopy  A. quina, A. polyphaga, A. NA NA Rivera et al.,
and its castellanii, A. griffini, A. 1994
suburbs mauritaniensis, A. divionensis,
A. triangularis, A. palestinensis,
A. rhysodes, A. lugdunensis, A.
hatchetti, A. paradivionensis, A.
culbertsoni, and A. spp.
Mexico University  NA Microscopy  A. castellanii, A. culbertsoni, A.  Air 12.1°C, Rivera et al.,
campus and polyphaga, and A. astronyxis temperature  15.6°C and 1987
Cuemanco 16.4°C
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Relative
humidity

Wind
velocity.

54.08%,
57.6% and
76.14%

1 m/s, 4 m/s
and still

2 NA: not available
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6.2.3. Species identification of isolated Acanthamoeba

As Acanthamoeba isolates originated from the environments could not be confidently
identified only with morphological characteristics, the isolates in the present study were identified
as belonging to the genus Acanthamoeba based on morphological criteria proposed by Page (1967)
and further confirmed by PCR with Acanthamoeba genus specific primers JDP1 and JDP2
(Schroeder et al., 2001). DNA sequencing was performed for PCR products by primer JDP1 and the
data of DNA sequencing were compared with BLAST in NCBI in order to identify the species of
isolated Acanthamoeba. Three species of Acanthamoeba were found in the present study, i.e. A.
polyphaga, A. lenticulata and A. jacobsi (Table 15). All isolates from swimming pools belonged to
A. polyphaga. None of the previous study revealed that A. polyphaga isolated from swimming pools.
However, A. lenticulata had been isolated from swimming pools in Switzerland and Philippines
(Gianinazzi et al., 2009; Rivera and Adao, 2008) (Table 24).

When it comes to the isolates from soil in the present study revealed that six isolates
(HC1_Soil_s2, HC2_Soil_s1, HC2_Soil_s3, HC2_Soil_s6, CC2_Soil_s1 and CC2_Soil_s2)
belonged to A. polyphaga and seven isolates (HC1_Soil_s5, HC2_Soil_s4, HC2_Soil_s5,
CC1_Soil_s1, CC1_Soil_s5, CC2_Soil_s3 and CC2_Soil_s4) belonged to A. lenticulata (Table 15).
A. polyphaga and A. lenticulata have also been isolated from soil of park (Rivera and Adao, 2008)

and soil (Lorenzo-Morales et al., 2005). Rivera and Adao (2008) discovered five out of 10 isolates
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belonging to A. lenticulata (5/10), followed by Acanthamoeba species (4/10) and A. mauritaniensis

(1/10) in Philippines (Rivera and Adao, 2008). On the other hand, Lorenzo-Morales et al. (2005)

revealed that eight in 14 soil isolates were Acanthamoeba species (8/14), followed by A. polyphaga

(7/14) in Spain (Table 25).

As for Acanthamoeba isolated from air, we revealed two isolates (HC1_Air_s4 and

HC2_Air_s6) belonged to A. polyphaga, and the other isolate (HC2_Air_s3) identified as A. jacobsi.

A. polyphaga had been isolated from the air in previous studies (Magana-Becerra, 1997; Rivera et

al., 1987; Rodriguez-Zaragoza and Rivera et al., 1994), however, A. jacobsi has not been isolated

from the air. Rogerson and Detwiler (1999) in South Dakota found protozoa were detected after

cultivation in 22 of the 32 air samples collected, and 9 genus Acanthamoeba out of 25 different

morphotypes of protozoa were isolated since identifications were not made to the species level, and

genus Acanthamoeba is the most common being species. A study analyzed air samples by

microscopy in the city of San Luis Potosi, Mexico found that pathogenic Acanthamoeba from the

atmosphere by isolated 23 strains of Acanthamoeba, 61% of them were non-pathogenic, 31% were

non-pathogenic with invasive capacity and 8% were pathogenic to mice (Rodriguez-Zaragoza and

Magana-Becerra, 1997). They revealed a variety of Acanthamoeba spp. with A. polyphaga (5/23) as

the most one, followed by Acanthamoeba culbertsoni (3/23), A. lenticulata (2/23), Acanthamoeba

astronyxis (2/23), Acanthamoeba triangularis (2/23), Acanthamoeba species (2/23), Acanthamoeba
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griffini (2/23), Acanthamoeba rhysodes (1/23), Acanthamoeba comandoni (1/23), Acanthamoeba

lugdunensis (1/23), A. mauritaniensis (1/23), Acanthamoeba palestinensis (1/23). In a study of

airborne amoebae in Mexico City, 108 Strains of amoebae that belong to 12 genera and 41 species

were isolated, specimens genus Acanthamoeba were most abundant and represented by 14 species

and Acanthamoeba polyphaga showed the highest abundance were reportedly found Rivera et al.,

1994. Rivera et al. (1994) found Acanthamoeba quina, A. polyphaga, A. castellanii, A. griffini, A.

mauritaniensis, Acanthamoeba divionensis, A. divionensis, A. triangularis, A. palestinensis, A.

rhysodes, Acanthamoeba lugdunensis, Acanthamoeba hatchetti, A. hatchetti, Acanthamoeba

paradivionensis and A. culbertsoni in air samples in Mexico City and its suburbs. Rivera et al.,

1987 sampling the air University campus and Cuemanco in Mexico City discovered that three of 11

isolates belonged to A. castellanii (3/11), followed by A. culbertsoni (3/11), A. polyphaga (3/11), A.

astronyxis (2/11) (Table 25). The diversity of various Acanthamoeba species from air samples in

previous study may suggest that the variation species isolated from air compared to the species

isolated from swimming pools. However, only three isolates isolated from air samples in the present

study may limit our findings to this implication. This is the first study on air Acanthamoeba in

Taiwan that proves that Acanthamoeba may exist viable in the atmosphere and the possibility of

breathing potentially pathogenic Acanthamoeba could contribute to human diseases.
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6.2.4. Phylogenetic analysis and genotyping

All Acanthamoeba isolates in the present study belonged to T4, T5 and T15 (Table 16 and Fig.
44) which are considered potentially pathogenic since T4, T5, and T15 are also the genotypes being
isolated from AK and/or GAE patients (Table 2). In the present study, 34 out of 42 isolates belong
to T4 genotype (34/42, 80.95%) (Table 16 and Fig. 44). This result is consistent with the
assumption that the relative abundance of T4 isolates in environments. Among 17 known genotype
classes (T1 to T17), T4 is the most common genotype to be found in the environment worldwide
(Booton et al., 2002; Booton et al., 2004; Booton et al., 2005; Lorenzo-Morales et al., 2006).
According to the literature (Booton et al. 2005), 94% (83/88) of AK and 79.3% (23/29) of
nonkeratitis infections are associated with the commonly occurring genotype T4. Based on this
finding, it was assumed that pathogenic Acanthamoeba strains would mainly have genotype T4
(Schroeder et al. 2001; Walochnik et al. 2000a, 2000b). The greater abundance of T4 isolates in our
environment samples probably reflects their better adaptation to limited growth condition relative to
isolates from other genotypes.

In the present study, seven isolates belonged to genotype T5 (7/42, 16.67%) (Table 16 and Fig.
44). Genotype T5, as the second most prevalent Acanthamoeba genotype isolated from
environmental samples (Booton et al., 2005), has recently been detected in the patients with AK

(Spanakos et al., 2006) and disseminated acanthamoebiasis (Barete et al., 2007). This genotype is
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also commonly associated with the species A. lenticulata (Stothard et al., 1998).

We revealed only one isolate recognized as genotype T15 (1/42, 2.38%) (Table 16 and Fig. 44).
The result is similar with the findings by Kao et al. (2011) that the most frequently identified
Acanthamoeba genotype from two watersheds, Puzih River and Kaoping River, in southern Taiwan
was T4 (n=19), followed by T5 (n=8) and T15 (n=3) (Table 27).

In terms of genotypes in different sample type, we revealed that all 26 isolates from swimming
pools belonged to genotype T4 (26/26, 100%) (Table 16 and Fig. 44). This finding differed from
Caumo and Rott (2011), 17 Acanthamoeba from swimming pools in Southern Brazil, and found that
nine of 13 isolates were genotype T5, three were genotype T4, and one was T3 (Table 27).

For 13 isolates from soil samples we found, six isolates as genotype T4 (6/13, 46.2%), and
other seven isolates as genotype T5 (7/13, 53.8%) (Table 16 and Fig. 44). Similar to our finding,
Niyyati et al. (2009) obtained seven Acanthamoeba isolates from soils in numerous localities
including an eye center, university campus (Tehran University) and Laleh Park in Tehran City, and
identified these seven soil isolates as genotype T4. Rivera and Adao. (2008) isolated 10
Acanthamoeba from soils in various regions of the Philippines, and identified five isolates
recognized as genotype T5, four as genotype T4 and one as T3 (Table 27). Kilic et al. (2004)
isolated Acanthamoeba from soils in plant pots in Ankara, Turkey, and showed that two

Acanthamoeba isolates were T4, five were T5, eight were T2 and one was T7 (Table 27).
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For three isolates from air samples, we revealed two were T4 (2/3, 66.6%) and one belonged to

T15 (1/3, 33.3%) (Table 16 and Fig. 44). This is the first study to show that genotyping

Acanthamoeba isolates from air samples.

Table 27 Summary of Acanthamoeba genotypes isolated from environments

Country Sampling site Sample  Genotypes of Reference
type Acanthamoeba
Taiwan Surface water of two watersheds, Water T4 (63.3%) Kao et al., 2011
Puzih River and Kaoping River T5 (26.7%)

T15 (10%)

Brazil Swimming pool Water  T5 (69.2%) Caumo and Rott,
T4 (23.1%) 2011
T3 (7.7%)
Iran Various locations in Iran Soil T4 (100%) Niyyati et al., 2009
Philippines Various regions of the Philippines  Soil T5 (50%) Rivera and Adao,
T4 (40%) 2008
T3 (10%)
Egypt Freshwater sources in the Water T4 (46.7%) Lorenzo-Morales
Governorates of Alexandria and T2 (26.7%) etal., 2006
Behera, in the Nile Delta region, T3 (20%)
Egypt T7 (6.7%)
USAand  Fort Lauderdale beach , Hollywood Beach T4 (95%) Booton et al., 2005
Scotland beach, Hobe beach and beach in sand T5 (5%)
Irvine, Scotland Soil T5 (66.7%)

T11 (33.3%)
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Turkey From and around Military Medical  Soil T2 (50%) Kilic et al., 2004
Hospital, Ankara, Turkey T3 (37.5%)
T4 (12.5%)
T7 (6.25%)

6.2.5. Thermotolerance and osmotolerance

Our results show all 28 isolates could survive and migrate at 30°C (Table 18 and Table 19).
One isolate from swimming pool and one isolate from air sample cannot growth under 37°C (Table
18 and Table 19). As it is already known, Acanthamoeba capable of infecting humans must be
capable of surviving at 37°C and slightly higher body temperatures (Schuster and Visvesvara 2004).
In 2002, Schuster used clinical samples such as cerebrospinal fluid, brain tissue, scrapings from
skin, and corneal scrapings to isolate potentially pathogenic FLA belonging to the genus
Acanthamoeba. From these samples, isolation in non-nutrient agar occurred in one to two days at
37°C, confirming that at this temperature clinical isolates of Acanthamoeba grows readily. In terms
of temperature tolerance, 37°C might be the most relevant since the temperature of the eye is only
around 36°C (Purslow and Wolffsohn, 2007). These previous observations have led us to postulate
that all present Acanthamoeba isolates can survive and grow in human bodies which have an
average body temperature of + 37°C, and are therefore considered as potential human pathogenic
isolates.

For 42°C incubation, no Acanthamoeba was detected at the distance between 15.36 to 24.82
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mm. 12 swimming pool isolates, three air isolates and four soil isolates could not be detected under
42°C (Table 18 and Table 19). Only seven soil isolates retained their viability after 24 hours
exposure 52°C and migrate on NNA agar at 30°C (Table 18 and Table 19). The resilience of
Acanthamoeba cysts to extreme growth temperature probably contribute to the ubiquity, abundance
and persistent occurrence in soil environments. This physiological characteristic may also enable
the cyst to serve as the ideal vehicle for transmitting Acanthamoeba infection from environment to
human, and their persistence in the human host. For Acanthamoeba in soil, raising the temperature
in soil could increase the appearance of thermotolerant species, which is better suited when they
invade humans or animals. In another work, Schuster and Visvesvera (2004) reported that
increasing in global warming concerning regarding the dispersion of parasitic diseases. Increases in
environmental temperatures could favor the growth of the thermotolerant strains that are better
adapted to the infection of humans.

As for the results of osmotolerance, all 28 isolates grow well and migrated on NNA agar
without addition of mannitol (Table 18 and Table 19). All 12 pool isolates, all 13 soil isolates and
two air isolates grew and migrated at the agar with 0.5 M mannitol, except for one air isolate from
HengChun onion farmland 3 (Table 18 and Table 19). As for the agar with 1 M mannitol, 12 pool
isolates and only one air isolate could tolerate and migrate distantly, but all 13 soil isolates could not

(Table 18 and Table 19). This finding on osmotolerance test suggests that 12 swimming pools
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isolates and one air isolate migrate at 1 M mannitol are high osmotolerant Acanthamoeba, and thus
could be regarded as potential human keratitis isolates (Table 18 and Table 19). Most studies on
Acanthamoeba pathogenicity and osmotolerance find a good association using 1M mannitol
(Caumo et al., 2009; Khan and Tareen, 2003; Kilic et al., 2004; Lorenzo-Morales et al., 2006).
Although the osmolarity given by 1M mannitol in NNA plates used in the present study was not
determined, a previous study indicated that it was 0.25 osmolar (i.e. 250 mOsmol/L) (Khan and
Tareen, 2003). The average value of tear film osmolarity in normal human was 304.4 mOsmol/L

(Gilbard and Rossi 1994; Gilbard 1994).

6.2.6. The potentially pathogenicity of Acanthamoeba isolated from the

environments

Except for one isolate (A _i4), the other 11 pool isolates are considered pathogenicity potential
since they were identified pathogenic genotype T4, osmotolerant using 1 M mannitol in NNA and
grew at 37°C. Only one soil isolate (HC2_Soil_s6) is considered as potentially pathogenic since it
was identified as genotype T4 and grew at 1 M mannitol and 37°C. There are no pathogenic
potential in air isolates, which can either withstand temperature at 37°C or 1 M mannitol.

A correlation between temperature tolerance (Khan et al., 2001; Khan et al., 2002) and

pathogenicity, osmotolerance (Khan et al., 2001; Khan et al., 2002; Khan et al., 2003) and
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pathogenicity has been demonstrated. For example, Khan et al. (2002) found that some pathogenic
T3 and T4 isolates were all osmotolerant (1 M mannitol) and grew at 37°C. Chan et al. (2011)
revealed Acanthamoeba isolates can survive and grow at 37°C are considered as potential human
pathogenic isolates and isolates can survive and grow at 1 M mannitol are regarded as potential
human keratitis (Table 28). Gianinazzi et al. (2010) revealed Acanthamoeba isolates can survive
and grow at 37°C are considered as potential human pathogenic isolates (Table 28). Caumo et al.
(2009) revealed that Acanthamoeba isolates not only grew at 1 M mannitol but also grew at 42°C,
was considered indicative of pathogenicity. Isolates either grew at 42°C but not at 1 M mannitol, or
grew withl M mannitol but did not grow at 42°C were considered to have low pathogenic potential
(Table 28). Isolates did not grow at 42°C or at 1 M mannitol, were considered probably
non-pathogenic. Lorenzo-Morales et al. (2006) revealed Acanthamoeba isolates can survive and
grow at 37°C and 1 M mannitol are pathogenic capacity (Table 28). Kilic et al. (2004) revealed
Acanthamoeba isolates can survive and grow at 37°C and 1 M mannitol are pathogen. Isolates either
grew at 37°C but not at 1 M mannitol, or grew withl M mannitol but did not grow at 37°C were

considered as weak pathogen (Table 28).
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Table 28 Pathogenicity potential of Acanthamoeba isolated from environments by thermotolerance and/or osmotolerance

Thermotolerance Osmotolerance Pathogenicity potential determination Reference

37°C, 42°C, 46°C, 1M mannitol
and 52°C (overnight (at ambient
prior to incubation at temperature)
ambient temperature

(262°C)

37°C and 42°C NA?

37°C and 42°C 050r1M
mannitol (at
30°C)

37°C 1M mannitol

1) Acanthamoeba isolates can survive and grow at 37°C are considered as Chan et al., 2011
potential human pathogenic isolates

2) Acanthamoeba isolates can survive and grow at 1 M mannitol are

regarded as potential human keratitis

1) Acanthamoeba isolates can survive and grow at 37°C are considered as Gianinazzi et al.,
potential human pathogenic isolates 2010

1) Not only grew at 1 M mannitol but also grew at 42°C, was considered Caumo et al., 2009
indicative of pathogenicity

2) Either grew at 42°C but not at 1 M mannitol, or grew withl M

mannitol but did not grow at 42°C were considered to have low

pathogenic potential

3) Did not grow at 42°C or at 1 M mannitol, were considered probably

non-pathogenic

1) Acanthamoeba isolates can survive and grow at 37°C and 1 M Lorenzo-Morales
mannitol are pathogenic capacity etal., 2006
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37°C 1M mannitol 1) Acanthamoeba isolates can survive and grow at 37°C and 1 M Kilic et al., 2004
mannitol are pathogen
2) Either grew at 37°C but not at 1 M mannitol, or grew withl M
mannitol but did not grow at 37°C were considered as weak pathogen

2 NA: not available
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Acanthamoeba isolates from soil and isolates from ambient air in the same sampling day and
same onion farmland revealed difference of DNA base pair (Table 17), genotype, thermotolerance
and osmotolerance in the present study. Acanthamoeba (HC2_Soil_s3) isolated from soil in
Hengchun Township, farmland 3 and Acanthamoeba (HC2_Air_s3) isolated from soil in Hengchun
Township, farmland 3 revealed 97% in identities and the gaps was 3%. The pathogenicity of these
two isolates from the same sampling day and sampling sites revealed the differences in genotypes,
but same in thermotolerance and osmotolerance at 1 M mannitol. The genotype of HC2_Soil_s3
was T4 and HC2_Air_s3 was genotype T15. Both two isolates could grew at 37°C but could not
grew at 42 °C and 52 °C. The number of HC2_Soil_s3 was 301 number/microscopic field at 37°C
and HC2_Air_s3 was 94 number/microscopic field at 37°C. As for osmotolerance, HC2_Soil s3
was 124 number/microscopic field at 0.5 M mannitol and HC2_Air_s3 could not grew at 0.5 M
mannitol, both isolates could not grew at 1 M mannitol.

When it comes to sampling in Hengchun Township, farmland 6, soil isolate (HC2_Soil_s6) and
air isolate (HC2_Air_s6) revealed 85% in identities and the gaps was 15%. The pathogenicity of
these two isolates from the same sampling day and sampling sites revealed the same in genotype,
and same in thermotolerance and osmotolerance at 1 M mannitol. The genotype of HC2_Soil_s6
and HC2_Air_s6 were the same genotype T4. The thermotolerance of HC2_Soil_s3 was 45

number/microscopic field at 37°C and HC2_Air_s3 was 94 number/microscopic field at 37°C, both
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isolates could not grew at 42 °C and 52 °C. As for osmotolerance, HC2_Soil_s3 was 88
number/microscopic field at 0.5 M mannitol and 4 number/microscopic field at 1 M mannitol
HC2_Air_s3 was 52 number/microscopic field at 0.5 M mannitol but could not grew at 1 M

mannitol.

6.2.7. Relationship between the presence of Acanthamoeba and environmental

factors

6.2.7.1. Pool water

Water temperature, salinity, availability to food or nutrients and the cyst forming ability are the
factors affecting prevalence of Acanthamoeba in the environment (De Jonckheere 1991). The
occurrence of Acanthamoeba in indoor swimming pools may be attributed to the cyst form are
amoebic resistance to chlorination, since cysts can resist a variety of chemical agents, including
chlorine (Dejonckheere and Vandevoorde, 1976), and incidence of Acanthamoeba keratitis is
generally high in countries where water is not treated adequately (Ibrahim et al., 2007), probably
attributable to insufficient cleaning and disinfection in swimming pools.

In the present study, all six indoor swimming pools discovered the presence of Acanthamoeba,
for which the concentration of free chlorine were between 0.26 to 0.99 mg/L. Our finding revealed

that Acanthamoeba presence in free chlorine of 0.99 mg/L is similar to results of Rivera et al.
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(1993), they reported that only chlorine concentration higher than 1.5 mg/mL effectively destroyed

cyst form of amoebae. Positive results of amoeba isolated from swimming pools water of Szczecin

demonstrate that water chlorination with concentration 0.2 to 0.5 pg/mL did not destroy free-living

amoebae (Gornik andKuzna-Grygiel, 2004). Caumo et al. (2009) demonstrated Acanthamoeba in

heated and unheated swimming pools in Brazilian state, while the free chlorine concentration in

heated swimming and unheated pools ranged from 1.0 to 4.0 g/L, and no significant effect of free

chlorine on the presence of Acanthamoeba in a pool (P > 0.05 for each). Experimental studies have

demonstrated that the sensitivity of pathogenic and non-pathogenic free-living amoebae were varied

to chlorination. The pathogenic A. culbertsoni is more resistant to chlorine than the avirulent

Acanthamoeba strain isolated from tap water , pathogenic A. culbertsoni showed positive growth

after 3-hour contact with 40 pg/mL of chlorine (De Jonckheere and Van de Voorde, 1976).

Chlorination eliminates other competitive microbes, and creates better conditions for resistant

amoebae (Griffin 1972).

In the present study, pH of 6 indoor swimming pools was ranged from 7.01 to 7.4, which

indicated slightly variation in pH parameter when compared to a study by Caumo et al. (2009).

Caumo et al. (2009) discovered Acanthamoeba in heated (pH = 7.2 to 8.2) and unheated (pH = 7.0

to 8.2) swimming pools in Brazilian state, but no significant correlation in both heated swimming

pools and unheated pools. Griffin (1972) suggests that heating and chlorination of water eliminates
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other, competitive microbes, which creates better conditions for the resistant amoebae.

The temperature of six indoor swimming pools ranged from 27.4 to 30.5°C, which is favorable
for culture of Acanthamoeba (30°C) (Khan, 2006). This findings is similar with Caumo et al (2009),
who discovered Acanthamoeba in heated swimming pools in Brazilian state with temperature
from 23 to 35°C, and discovered Acanthamoeba in in unheated swimming pools with temperature
ranged from 14 to 26°C, and no significant effect of temperatures on the presence of Acanthamoeba
in a pool (P > 0.05 for each). Permanent heating of water in indoor swimming pools is favorable for
persisting thermophile forms of amoebae, which can include strains pathogenic to humans; however,
Mazur et al. (1995) demonstrated that if kept at 4°C for as long as 25 years, the cysts do not lose
their viability and infectivity.

The range of water hardness of six indoor swimming pools was extreme largely, from 36.5 to
246.7 mg/L as calcium carbonate (CaCOg3). An epidemiology-based study conducted in England and
Wales by Radford et al. (2002) discovered that hard water was significantly associated with a
threefold increase in risk of Acanthamoeba keratitis when compared with soft water. The hardness
divided into three groups, soft, medium and hard waters (0 — 99, 100 — 199, and 200 or more mg/L
as calcium carbonate respectively). All the pool water samples except for one sample from E
swimming pool in present study are identified as soft water (0 — 99 mg/L as calcium carbonate)

according to the classification by Radford et al (2002). Although only one pool water in E
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swimming pools was identified as hard water (200 or more mg/L as calcium carbonate) according to
the classification by Radford et al (2002), there were potentially pathogenic Acanthamoeba isolated
from all six swimming pools.

The conductivity of six indoor swimming pools ranged from 437.5 to 987.8 uS/cm in the
present study. Behets et al. (2007) indicated Acanthamoeba spp. are able to dominate at
conductivity values >2000 uS/cmZ.

Algae, bacteria and fungi are accumulated and proliferate and serve as food source for
Acanthamoeba and even other free-living organisms. In the present study, water sampled from
swimming pools were surprisingly high, may be explained by high concentrations of heterotrophic
plate count in these environments enabling the multiplication of Acanthamoeba, which correlated
with studies. Acanthamoeba were found at 93% in water of wastewater treatment plants, along with
high concentrations of bacteria. This may indicate the presence of bacteria in a water source is more
important for Acanthamoeba multiplication than its oxygen content (Tsvetkova et al., 2004). Huang
and Hsu. (2010) revealed the significant differences (p = 0.049935) between the presence of
Acanthamoeba and heterotrophic plate count only when combined PCR and culture methods in
spring, hot spring, and waste water in northern Taiwan. However, Kao et al. (2011) found no
significant (p = 0.071) between the presence of Acanthamoeba and heterotrophic plate count

samples in spring, hot spring, and waste water in northern Taiwan. Acanthamoeba-positivity
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samples with HPC mean 3.1x10" + 3.98x10* (CFU/mL) in Kao et al. (2011), which were higher
than our study, the HPC in our study were ranged from 125.42 + 19.46 to 4591.67 + 476.1.

All the water samples were collected from six swimming pools during normal operation. The
four community-type swimming pools were all sampling in the morning around 09:00 a.m. to 10:00
a.m. and were three to four hours after opening. The population density in four community-type
swimming pools were around 0.048 to 0.112 (people/m?). Sampling time of two school-type
swimming pools were in the afternoon around 02:00 p.m. to 03:00 p.m. The population density in
two school-type swimming pools were around 0.068 to 0.094 (people/m?). All the six swimming
pools were sampling in summer and spring. One of the four community-type swimming pools were
sampling at July 2 of 2011, the rest community-type swimming pools were sampling at March 21
and March 28 of 2012. The other two school-type swimming pools were sampling at July 16 of
2011 and March 21 of 2012.

The Department of Health, Taipei City Government regulated water quality in swimming pools
(Table 29). Comparisons between environmental factors from six swimming pools collected in the
present study with the Taipei City Government regulations revealed that the pH in all six swimming
pools were all accorded with the regulations. Free chlorine concentrations in four swimming pools
were accorded with the regulations. Free chlorine concentration in A swimming pool (0.99 mg/L)

was higher than the Taipei City government regulations. Free chlorine concentration in E swimming
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pool (0.26 mg/L) was lower than the Taipei City government regulations. Despite the free chlorine
concentration was higher or lower than regulations, there were presence of potentially pathogenic
Acanthamoeba in all six swimming pools in the present study. There were five out of six swimming
pools used automatic filtration followed by automatic chlorination for disinfections. Only one
school-type, swimming pool E was used automatic filtration followed by human adding chlorine for
disinfections, which may contributed to lower free chlorine concentrations than regulations.
Although the chlorination automatic filtration were used to disinfections, there were potentially
pathogenic Acanthamoeba isolated from all six swimming pools, which may probably attributable
to insufficient cleaning and disinfection in swimming pools, the pool water seldom (once in many

years) or never drain off and refill the clean water.

Table 29 Swimming pool water quality regulations by the Department of Health, Taipei City

Government

Environmental factor Value

pH 6.5-8

Free chlorine concentration (ppm) 0.3-0.7

Total bacteria (CFU/mL) < 500 at 37°C for 24 hrs

Coliform Negative in five samples (each 10 mL) from 100 mL

6.2.7.2. Soil and air of onion farmlands

In the present study, all nine soil samples discovered Acanthamoeba among environmental
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collecting samples, which may attributed to Acanthamoeba is one of the most dominant species in

the soil, the sampling depth, and high concentrations of HPC in soils. Rodriguez-Zaragoza et al.

(2005) revealed soil sampled taken from the M. Evenari Runoff Research Farm, Avdat, in the

Negev Desert, Israel. The result revealed the type 1 amoebae (e.g., Acanthamoeba and Filamoeba

spp.) were the most abundant throughout the study period, and their numbers were significantly

higher than those of the other amoeba types (Rodriguez-Zaragoza et al., 2005). The sampling depth

of soil were one cm in the present study, which is similar with study indicated that protozoa

decreased more rapidly with increasing depth than the other two groups of organisms (bacteria and

fungi) examined (Ekelund et al., 2001) and they indicated that the general tendency of bacteria was

a decrease in biomass with increasing depth for all groups examined (Ekelund et al., 2001).

There was one soil isolate (HC2_Soil_s6) considered as potentially pathogenic Acanthamoeba

isolated from farmland 6 in Hengchun Township. The water content in farmland 6 in Hengchun

Township is 15.01%, which is the second highest among all soils. A study indicated the result

obtained from the field study demonstrated that the total number of protozoa was significantly

higher during the wet seasons (winter and spring) than during the dry seasons (Rodriguez-Zaragoza

et al., 2005). Another study revealed the ability of Acanthamoeba to form cysts, which are tolerant

to desiccation probably explains the findings of viable Acanthamoeba in low water content samples

(Sriram et al., 2008).
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There were two out of 10 air samples discovered weak pathogenic potential Acanthamoeba
among environmental collecting samples. In two Acanthamoeba positive air samples, temperatures
were 27°C, wind velocity ranged from 2.5 to 3.4 m/s, and relative humidity ranged from 56.6 to
72.1. The occurrence of Acanthamoeba in soil and air of onion farmlands may be attributed to the
cysts form of Acanthamoeba, which was important for the presence, survival in adverse condition,
abundance and diversity in atmosphere. Rivera et al. (1994) mentioned the main source of air-borne
amoeba was from the soil, and the factors favored the incidence and diversity of the amoeba isolates
were wind speed and wind direction, low relative humidity, generation of frequent dust-storms,
re-suspension of amoebae by vehicular traffic, and large extensions of bare soil was a factor
associated with reduction incidence and diversity of the aerial amoeba. Rodriguez-Zaragoza and
Magana-Becerra (1997) indicated the isolations of Acanthamoeba were more abundant during the
dry season and the sanitary conditions around stands may enhance the proportion of pathogenic
strains in the surroundings. The higher incidence of Acanthamoeba was found in the suburban and
urban zones because they share common sanitary conditions such as lack of pavement, waste
disposed directly on the streets, trapped rain water on the streets, and animal feces at less than 100
m around the stations (Rodriguez-Zaragoza et al., 1993).

Acanthamoeba isolates from soil and isolates from ambient air in the same sampling day and

same onion farmland revealed difference Acanthamoeba (Table 17) since the variations on
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genotypes, thermotolerance and osmotolerance in the present study. These variations may attribute

to water content, wind velocity and position of biosampler. The lower water content in soil and

wind may bring the surface soil, dust, microorganisms including Acanthamoeba into ambient air. A

study mentioned that formation of bioaerosol not only depends on temperature and humidity and is

highly proportional to the concentration of dust in the air (Tsapko et al., 2011).

Air current is important in the dispersal of microorganisms as it carries them over a long

distance. In still air the particles with microorganisms tend to settle down, but a gentle air can keep

them in suspension for long periods. The biosampler was placed in the center of each sampling

farmland in the present study and the Acanthamoeba isolates in air from biosampler may not

represent isolates from soil in the same farmland.

The presence of weak potential pathogenic Acanthamoeba in onion farmlands indicated

potential occupational risk for onion farmers. Ocular trauma is known for the risk factors in farmers

for AK (Lin et al., 1999; Ma et al., 1981; Manikandan et al., 2004; Sun et al., 2006). Ocular trauma

from pieces of onion skin, onion flakes, dusts or plant leaves drifted into their eyes while onion

farmers were harvesting and is more likely to occur in autumn tempest season (October to April)

with gusty winds. Hwang et al. (2002) demonstrated onion outer scales may significantly damage

the cornea of rats in environments with wind velocity exceeds 10 m/sec; such conditions occur

often in autumn tempest season. It is speculated that notably increased levels of dangerous fungi

203



with a likely occurrence of eye trauma during onion-harvest operations would contribute to the

incidence of keratitis among onion harvesters in a monsoon area.
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Chapter 7 Conclusions and Suggestions

7.1. Conclusions

1)

2)

3)

4)

The present research demonstrating the presence of Acanthamoeba in 12 out of 12 water
samples (100%) from six swimming pools, 13 out of 13 soil samples (100%) and three out of 14
air samples (21.43%) from onion farmlands in Taiwan.

All the Acanthamoeba isolates from pool water indicated higher potentially pathogenicity since
isolates are pathogenic genotype T4 with thermotolerance ability to grow at 37°C and
osmotolerance ability to grow at 1 M mannitol.

Only one Acanthamoeba isolates from soil indicated higher potentially pathogenicity since
isolates are pathogenic genotype T4 with thermotolerance ability to grow at 37°C and
osmotolerance ability to grow at 1 M mannitol. On the other hand, rest 12 isolates from soils
indicated weak pathogenicity since isolates are pathogenic genotype T4 and T5 with
thermotolerance ability to grow at 37°C but without osmotolerance ability to grow at 1 M
mannitol. In addition, 69% and 58% of soil isolates with higher thermotoleance ability can
withstand and grow at 42°C and 52°C for 24 hours, respectively.

Acanthamoeba isolates from ambient air indicated weak potentially pathogenicity since isolates

are pathogenic genotype T4 and T 15 with either thermotolerance ability to grow at 37°C or
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5)

6)

7)

osmotolerance ability to grow at 1 M mannitol.

In summary, we have investigated man-made environmental and naturally occurring

Acanthamoeba in Taiwan with the most commonly observed genotype T4 in the environments

and Acanthamoeba infections. Thus, the results suggest that swimming pools could be a

potential source of Acanthamoeba infections. Prevention and control strategies for AK include

avoiding showering and swimming while wearing contact lenses. Detection of potentially

pathogenicity Acanthamoeba in all pool water samples emphasizes the need for enhancing the

cleaning and disinfections of swimming pools, in order to decrease the health risk and of

human.

In conclusion, the results of potentially pathogenicity Acanthamoeba presence in soils and

ambient air in agricultural settings in Pingtung County indicated that the airborne biological

factors play in these settings a primary role as occupational risk factors, exerting harmful effects

of the health of exposed workers. Even though all the results are not fully comparable because

of the pathogenicity characterization differences in methodology, there is no doubt about the

final conclusion on the work-related hazard presented by bioaerosol.

The presence in the work environment of potentially pathogenicity Acanthamoeba indicated

occupational risk of work-related diseases in the exposed agricultural workers particularly since

the abrasive nature of pieces of onion skin, onion flakes, dusts or plant leaves and sand particles
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can provide corneal trauma and are the risk factor highly associated with AK. Thus,

technological in monitoring of pathogenicity Acanthamoeba in agricultural settings are

necessary steps aiming to improve the working conditions and with appropriate education of

both workers and ophthalmologists to protect the workers from perilous health hazards. Onion

harvesters should utilize eye protective measures such as wear protective spectacles while

working to prevent ocular trauma. Once the ocular trauma, seeking medication from local

pharmacies for proper diagnosis and treatment is the first priority in order to prevent delay

diagnosis might result in blindness. Also, local ophthalmologists should be informed about this

endemic ocular disorder and prepare for suitable treatment.

7.2. Suggestions

1)

2)

Combinations of quantifications on concentrations and pathogenicity of Acanthamoeba in

sampling sites would able well characterized the risk to Acanthamoeba diseases.

The highest osmolarity tested in the present study was 1 M mannitol equals to 0.25 osmolar,

equal to 250 mOsmol/L (Khan and Tareen, 2003), which was lower than osmolarity of the tear

film (304.4 £ 0.4 mOsmol/L) (Gilbard and Rossi 1994; Gilbard 1994). Therefore, tested

conducted at 1.5 M mannitol as osmotolerance ability as a potentially pathogenic indicator.
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3)

4)

Acanthamoeba isolates could test the thermotolerance ability at 37°C and osmotolerance
ability at 1.5 M mannitol at the same time in order to simulated the isolates could survive once
enter into human eyes.

Collections of AK cases in Hengchun and Checheng Township from local hospitals in order to
realized if there was presence of pathogenic Acanthamoeba besides the weak potentially

pathogenic Acanthamoeba isolated from ambient air in the present study.
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APPENDIX

APPENDIX A Distance of Acanthamoeba ATCC strains migrated after two hours inoculum onto NNA/heat-killed E.coli

Numbers of  Distance Number of trophozoite or cyst on each microscopic field

microscopic ~ away from A, polyphaga (ATCC  A.castellanii (ATCC A. polyphaga (ATCC  A.castellanii (ATCC
field away the center 30461) on 0 M mannitol 30234) on0 M 30461) on 1 M mannitol 30234) on 1 M
from the center (mm) for two hours mannitol for two hours for two hours mannitol for two hours
of NNA n=l n=2 n=3 n=1 n=2 n=3 n=1 n=2 n=3 n=1 n=2 n=3
1 1.18 22 16 13 21 12 18 8 8 4 11 19 0

2 2.36 14 14 6 9 13 %3 11 5 6 20 15 0

3 3.55 11 13 2 8 J 1% 6 1 5 0 15 5

4 4.73 6 6 0 a 4 13 11 3 2 1 21 0

5 591 2 3 0 3 0 3 5 14 0 0 13 0

6 7.09 0 0 0 0 0 0 7 3 0 0 3 0

7 8.27 0 0 0 i 0 0 0 0 0 0 0 0

8 9.45 0 0 0 2 0 0 0 0 0 0 0 0

9 10.64 0 0 0 0 0 0 0 0 0 0 0 0
10 11.82 0 0 0 0 0 0 0 0 0 0 0 0
11 13.00 0 0 0 0 0 0 0 0 0 0 0 0
12 14.18 0 0 0 0 0 0 0 0 0 0 0 0
13 15.36 0 0 0 0 0 0 0 0 0 0 0 0
14 16.55 0 0 0 0 0 0 0 0 0 0 0 0
15 17.73 0 0 0 0 0 0 0 0 0 0 0 0
16 18.91 0 0 0 0 0 0 0 0 0 0 0 0
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17 20.09 0 0 0 0 0 0 0 0 0 0 0 0

18 21.27 0 0 0 0 0 0 0 0 0 0 0 0

19 22.45 0 0 0 0 0 0 0 0 0 0 0 0

20 23.64 0 0 0 0 0 0 0 0 0 0 0 0

21 24.82 0 0 0 0 0 0 0 0 0 0 0 0

22 26.00 0 0 0 0 0 0 0 0 0 0 0 0

23 27.18 0 0 0 0 0 0 0 0 0 0 0 0

24 28.36 0 0 0 0 0 0 0 0 0 0 0 0

25 29.55 0 0 0 0 0 0 0 0 0 0 0 0

26 30.73 0 0 0 0 0 0 0 0 0 0 0 0

27 31.91 0 0 0 0 0 0 0 0 0 0 0 0

28 33.09 0 0 0 0 0 0 0 0 0 0 0 0

29 34.27 0 0 0 0 0 0 0 0 0 0 0 0

30 35.45 0 0 0 0 0 0 0 0 0 0 0 0

APPENDIX B Results of BLAST of DNA sequences for PCR products of 42 isolates

No. Sample Acanthamoeba Acanthamoeba Accession Description® Max Total Query Evalue® Max

type isolate ID species score® score® coverage ident’

1 Water A_i4 Acanthamoeba  AY148954.1  Acanthamoebasp. KA/ES 747 747 0.000E+00 99%

polyphaga 18S ribosomal RNA gene,

239

complete sequence



2

Water

A_i5

Acanthamoeba

polyphaga

AY173014.1

AY173013.1

AY026243.1

JN222978.1

DQ087320.1

AY148954.1

AY173014.1

Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete

sequence

Acanthamoeba polyphaga

strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S

ribosomal RNA gene, partial

sequence
Acanthamoeba sp. S4 18S

ribosomal RNA gene, partial

sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete

sequence
240

747

747

747

744

744

738

738

747

747

747

744

744

738

738

99%

99%

99%

98%

98%

96%

96%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



3

Water

A_i6

Acanthamoeba

polyphaga

AY173013.1

AY026243.1

JN222978.1

DQ087320.1

AY148954.1

AY173014.1

AY173013.1

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete

sequence
241

738

738

737

737

746

746

746

738

738

737

737

746

746

746

96%

96%

96%

96%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



4

Water

A i7

Acanthamoeba

polyphaga

AY026243.1

JN222978.1

DQ087320.1

U07407.1

AY148954.1

AY173014.1

AY173013.1

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba polyphaga
BCM:0173:16 ATCC 50371
18S rRNA gene

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete

sequence

242

746

742

742

742

742

742

742

746

742

742

742

742

742

742

97%

97%

97%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



5

Water

A_i8

Acanthamoeba

polyphaga

AY026243.1

JN222978.1

DQ087320.1

U07407.1

GU596994.1

AY148954.1

AY173014.1

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba polyphaga
BCM:0173:16 ATCC 50371
18S rRNA gene

Acanthamoeba polyphaga
isolate A8/SB2 18S
ribosomal RNA gene,
partial sequence
Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete

sequence

243

742

738

738

738

742

738

738

742

738

738

738

742

738

738

97%

96%

96%

97%

96%

99%

99%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

98%

98%



6

Water

E_il

Acanthamoeba

polyphaga

AY173013.1

AY026243.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete

sequence

Acanthamoeba polyphaga

strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence

244

738

738

744

744

744

744

738

738

744

744

744

744

99%

99%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

98%

98%

99%

99%

99%

99%



7

Water

E_i2

Acanthamoeba

polyphaga

JN222978.1

DQ087320.1

GU596994.1

JN222978.1

DQ087320.1

AY148954.1

AY173014.1

Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba polyphaga
isolate A8/SB2 18S
ribosomal RNA gene,
partial sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete

sequence

245

742

742

740

733

733

733

733

742

742

740

733

733

733

733

97%

97%

98%

98%

98%

98%

98%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



8

Water

E_i3

Acanthamoeba

polyphaga

AY173013.1

AY026243.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete

sequence

Acanthamoeba polyphaga

strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence

246

733

733

744

744

744

744

733

733

744

744

744

744

98%

98%

100%

100%

100%

100%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%



9

Water

E_i4

Acanthamoeba

polyphaga

JN222978.1

DQ087320.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

JN222978.1

Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial

sequence

247

742

742

747

747

747

747

746

742

742

747

747

747

747

746

99%

99%

97%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



10

Water

E_i5

Acanthamoeba

polyphaga

DQO087320.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

JN222978.1

GQ397478.1

Acanthamoeba sp. S4 185 746
ribosomal RNA gene, partial

sequence

Acanthamoeba sp. KA/ES 749
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp. 749
KA/MSS6 18S ribosomal

RNA gene, complete

sequence

Acanthamoeba sp. 749
KA/MSS2 18S ribosomal

RNA gene, complete

sequence

Acanthamoeba polyphaga 749
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence
Acanthamoeba sp. 283 18S 746
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. AcaVN16 746
18S ribosomal RNA gene,

partial sequence

248

746

749

749

749

749

746

746

97%

97%

97%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



11

Water

E_i6

Acanthamoeba

polyphaga

EF140630.1

DQ087320.1

DQ013363.1

AY173004.1

U07407.1

GU596994.1

AY148954.1

Acanthamoeba sp. KA/E29
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba polyphaga
18S ribosomal RNA gene,
partial sequence
Acanthamoeba sp.
KA/MSG4 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
BCM:0173:16 ATCC 50371
18S rRNA gene

Acanthamoeba polyphaga
isolate A8/SB2 18S
ribosomal RNA gene,
partial sequence
Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,

complete sequence

249

746

746

746

746

746

737

733

746

746

746

746

746

737

733

97%

97%

97%

97%

97%

96%

96%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



12

Water

E_i7

Acanthamoeba

polyphaga

AY173014.1

AY173013.1

AY026243.1

AY148954.1

AY173014.1

AY173013.1

Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete

sequence

250

733

733

733

746

746

746

733

733

733

746

746

746

96%

96%

96%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%



13

Water

E_i8

Acanthamoeba

polyphaga

AY026243.1

JN222978.1

DQ087320.1

U07407.1

AY148954.1

AY173014.1

AY173013.1

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba polyphaga
BCM:0173:16 ATCC 50371
18S rRNA gene

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete

sequence

251

746

742

742

742

751

751

751

746

742

742

742

751

751

751

97%

96%

96%

97%

98%

98%

98%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



14

Water

F il

Acanthamoeba

polyphaga

AY026243.1

JN222978.1

DQ087320.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence
252

751

749

749

746

746

746

746

751

749

749

746

746

746

746

98%

98%

98%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



15

Water

F i2

Acanthamoeba

polyphaga

JN222978.1

DQ087320.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

JN222978.1

Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial

sequence

253

744

744

744

744

744

744

742

744

744

744

744

744

744

742

97%

97%

100%

100%

100%

100%

99%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



16

Water

F i3

Acanthamoeba

polyphaga

DQO087320.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

JN222978.1

DQ087320.1

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial

sequence

254

742

747

747

747

747

744

744

742

747

747

747

747

744

744

99%

99%

99%

99%

99%

98%

98%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



17

Water

B il

Acanthamoeba

polyphaga

u07407.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

JN222978.1

DQ087320.1

Acanthamoeba polyphaga 744
BCM:0173:16 ATCC 50371
18S rRNA gene

Acanthamoeba sp. KA/ES 746
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp. 746
KA/MSS6 18S ribosomal

RNA gene, complete

sequence

Acanthamoeba sp. 746
KA/MSS2 18S ribosomal

RNA gene, complete

sequence

Acanthamoeba polyphaga 746
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence
Acanthamoeba sp. 283 18S 742
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 185 742
ribosomal RNA gene, partial

sequence

255

744

746

746

746

746

742

742

99%

97%

97%

97%

97%

96%

96%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



18

Water

B_i2

Acanthamoeba

polyphaga

u07407.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

JN222978.1

DQ087320.1

Acanthamoeba polyphaga 742
BCM:0173:16 ATCC 50371
18S rRNA gene

Acanthamoeba sp. KA/ES 746
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp. 746
KA/MSS6 18S ribosomal

RNA gene, complete

sequence

Acanthamoeba sp. 746
KA/MSS2 18S ribosomal

RNA gene, complete

sequence

Acanthamoeba polyphaga 746
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence
Acanthamoeba sp. 283 18S 742
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 185 742
ribosomal RNA gene, partial

sequence

256

742

746

746

746

746

742

742

97%

97%

97%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



19

Water

B i3

Acanthamoeba

polyphaga

u07407.1

GU596994.1

JN222978.1

DQ087320.1

AY148954.1

AY173014.1

AY173013.1

Acanthamoeba polyphaga
BCM:0173:16 ATCC 50371
18S rRNA gene

Acanthamoeba polyphaga
isolate A8/SB2 18S
ribosomal RNA gene,
partial sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete

sequence

257

742

740

733

733

733

733

733

742

740

733

733

733

733

733

97%

98%

98%

98%

98%

98%

98%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



20

Water

B_i4

Acanthamoeba

polyphaga

AY026243.1

GU596994.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence

Acanthamoeba polyphaga

isolate A8/SB2 18S
ribosomal RNA gene,
partial sequence
Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence

258

733

742

738

738

738

738

733

742

738

738

738

738

98%

96%

99%

99%

99%

99%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

98%

98%

98%

98%



21  Water B_i5 Acanthamoeba  GU596994.1  Acanthamoeba polyphaga 737 737 96% 0.000E+00 99%
polyphaga isolate A8/SB2 18S

ribosomal RNA gene,
partial sequence

AY148954.1 Acanthamoeba sp. KA/E5 733 733 96% 0.000E+00 99%
18S ribosomal RNA gene,
complete sequence

AY173014.1 Acanthamoeba sp. 733 733 96% 0.000E+00 99%
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

AY173013.1 Acanthamoeba sp. 733 733 96% 0.000E+00 99%
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

AY026243.1 Acanthamoeba polyphaga 733 733 96% 0.000E+00 99%
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence

22 Water C_il Acanthamoeba  AY148954.1  Acanthamoebasp. KA/E5 749 749 97% 0.000E+00  99%
polyphaga 18S ribosomal RNA gene,
complete sequence
AY173014.1 Acanthamoeba sp. 749 749 97% 0.000E+00 99%
KA/MSS6 18S ribosomal

RNA gene, complete
259



AY173013.1

AY026243.1

JN222978.1

GQ397478.1

EF140630.1

DQ087320.1

DQO013363.1

sequence

Acanthamoeba sp. 749
KA/MSS2 18S ribosomal

RNA gene, complete

sequence

Acanthamoeba polyphaga 749
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence
Acanthamoeba sp. 283 18S 746
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. AcaVN16 746
18S ribosomal RNA gene,

partial sequence

Acanthamoeba sp. KA/E29 746
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp. S4 18S 746
ribosomal RNA gene, partial
sequence

Acanthamoeba polyphaga 746
18S ribosomal RNA gene,

partial sequence

260

749

749

746

746

746

746

746

97%

97%

97%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



23

Water

C_i2

Acanthamoeba

polyphaga

AY173004.1

u07407.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

JN222978.1

Acanthamoeba sp.
KA/MSG4 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
BCM:0173:16 ATCC 50371
18S rRNA gene

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial

sequence
261

746

746

747

747

747

747

746

746

746

747

747

747

747

746

97%

97%

97%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



24

Water

C_i3

Acanthamoeba

polyphaga

DQO087320.1

AY148954.1

AY173014.1

AY173013.1

AY026243.1

JN222978.1

DQ087320.1

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial

sequence

262

746

751

751

751

751

749

749

746

751

751

751

751

749

749

97%

98%

98%

98%

98%

98%

98%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



25

Water

D_il

Acanthamoeba

polyphaga

AY148954.1

AY173014.1

AY173013.1

AY026243.1

JN222978.1

DQ087320.1

U07407.1

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba polyphaga
BCM:0173:16 ATCC 50371
18S rRNA gene

263

747

747

747

747

744

744

744

747

747

747

747

744

744

744

99%

99%

99%

99%

98%

98%

99%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



26

27

Water

Soil

D_i2

HC1_Soil_s2

Acanthamoeba

polyphaga

Acanthamoeba

polyphaga

AY148954.1

AY173014.1

AY173013.1

AY026243.1

JN222978.1

DQ087320.1

GU596995.1

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba polyphaga
isolate A10/SB2 18S
ribosomal RNA gene,

partial sequence
264

746

746

746

746

744

744

735

746

746

746

746

744

744

735

97%

97%

97%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



28

Soil

HC1_Soil_s5

Acanthamoeba

lenticulata

AY148954.1

AY173014.1

AY173013.1

AY026243.1

uo4741.1

U94740.1

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence

Acanthamoeba lenticulata

strain PD2S 18S small
subunit ribosomal RNA

gene, partial sequence

Acanthamoeba lenticulata

strain 25/1 18S small
subunit ribosomal RNA

gene, partial sequence

265

728

728

728

728

690

690

728

728

728

728

690

690

97%

97%

97%

97%

98%

98%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

98%

98%

98%

98%

99%

99%



U94738.1

u94737.1

U94736.1

U94735.1

U94734.1

U94733.1

Acanthamoeba lenticulata
strain NJSP-3-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 53-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 118 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain E18-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 407-3a 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 68-2 18S small
subunit ribosomal RNA

gene, partial sequence

266

690

690

690

690

690

690

690

690

690

690

690

690

98%

98%

98%

98%

98%

98%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%



29

Soil

CC1_Soil_s1

Acanthamoeba

lenticulata

AB525818.1

EU146072.1

uo4741.1

U94740.1

U94738.1

U94737.1

Acanthamoeba sp. AH-2009
gene for 18S ribosomal
RNA, partial sequence,
strain: NHE(Ac)1-IR-T5
Acanthamoeba sp. S35 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba lenticulata
strain PD2S 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 25/1 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain NJSP-3-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 53-2 18S small
subunit ribosomal RNA

gene, partial sequence

267

686

686

688

688

688

688

686

686

688

688

688

688

98%

98%

96%

96%

96%

96%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%



U94736.1

U94735.1

U94734.1

U94733.1

ABb525818.1

EU146072.1

Acanthamoeba lenticulata
strain 118 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain E18-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 407-3a 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 68-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba sp. AH-2009
gene for 18S ribosomal
RNA, partial sequence,
strain: NHE(Ac)1-IR-T5
Acanthamoeba sp. S35 18S
ribosomal RNA gene, partial

sequence

268

688

688

688

688

684

684

688

688

688

688

684

684

96%

96%

96%

96%

96%

96%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%
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Soil

CC1_Soil_sb

Acanthamoeba

lenticulata

u94741.1

U94740.1

U94738.1

U94737.1

U94736.1

U94735.1

Acanthamoeba lenticulata
strain PD2S 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 25/1 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain NJSP-3-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 53-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 118 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain E18-2 18S small
subunit ribosomal RNA

gene, partial sequence

269

688

688

688

688

688

688

688

688

688

688

688

688

96%

96%

96%

96%

96%

96%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%



31

Soil

HC2_Soil_sl1

Acanthamoeba

polyphaga

U94734.1

U94733.1

AB525818.1

EU146072.1

JQ031557.1

GU936484.1

DQ992185.1

Acanthamoeba lenticulata
strain 407-3a 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 68-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba sp. AH-2009
gene for 18S ribosomal
RNA, partial sequence,
strain: NHE(Ac)1-IR-T5
Acanthamoeba sp. S35 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba sp.
AcaKMO1 18S ribosomal
RNA gene, partial sequence
Acanthamoeba sp. M3
YH-2010 18S ribosomal
RNA gene, partial sequence
Acanthamoeba sp. EFW4
18S ribosomal RNA gene,

partial sequence

270

688

688

684

684

713

711

711

688

688

684

684

713

711

711

96%

96%

96%

96%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

98%

98%

98%



DQ992184.1

DQ992183.1

DQ992182.1

DQ103890.1

AY694141.1

AY148956.1

AY026749.1

AF019062.1

Acanthamoeba sp. EFW?2
18S ribosomal RNA gene,
partial sequence
Acanthamoeba sp. EFW8
18S ribosomal RNA gene,
partial sequence
Acanthamoeba sp. EFW6
18S ribosomal RNA gene,
partial sequence
Acanthamoeba sp. MZOR
18S ribosomal RNA gene,
partial sequence
Acanthamoeba sp. L749/98
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp. KA/E8
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp. isolate
U/E10 small subunit
ribosomal RNA gene,

complete sequence

Acanthamoeba polyphaga

Nagington 18S ribosomal

RNA gene, partial

271

711

711

711

711

711

711

711

711

711

711

711

711

711

711

711

711

97%

97%

97%

97%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

98%

98%

98%

98%

98%

98%

98%

98%



sequence

32 Soil HC2_Soil_s3 Acanthamoeba  GU596995.1 Acanthamoeba polyphaga 735 735 97% 0.000E+00 99%
polyphaga isolate A10/SB2 18S
ribosomal RNA gene,
partial sequence
AY148954.1 Acanthamoeba sp. KA/E5 728 728 97% 0.000E+00 98%
18S ribosomal RNA gene,
complete sequence
AY173014.1 Acanthamoeba sp. 728 728 97% 0.000E+00 98%
KA/MSS6 18S ribosomal
RNA gene, complete
sequence
AY173013.1 Acanthamoeba sp. 728 728 97% 0.000E+00 98%
KA/MSS2 18S ribosomal
RNA gene, complete
sequence
AY026243.1 Acanthamoeba polyphaga 728 728 97% 0.000E+00 98%
strain ATCC30461 small
subunit ribosomal RNA

gene, complete sequence

33 Soil HC2_Soil_s4 Acanthamoeba  U94741.1 Acanthamoeba lenticulata 688 688  97% 0.000E+00 99%
lenticulata strain PD2S 18S small

subunit ribosomal RNA

272



U94740.1

u94738.1

u94737.1

U94736.1

U94735.1

U94734.1

gene, partial sequence

Acanthamoeba lenticulata
strain 25/1 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain NJSP-3-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 53-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 118 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain E18-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 407-3a 18S small

273

688

688

688

688

688

688

688

688

688

688

688

688

97%

97%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%



34

Soil

HC2_Soil_s5

Acanthamoeba

lenticulata

u94733.1

AB525818.1

EU146072.1

u94741.1

U94740.1

U94738.1

subunit ribosomal RNA

gene, partial sequence

Acanthamoeba lenticulata 688
strain 68-2 18S small

subunit ribosomal RNA

gene, partial sequence
Acanthamoeba sp. AH-2009 684
gene for 18S ribosomal

RNA, partial sequence,

strain: NHE(Ac)1-IR-T5
Acanthamoeba sp. S35 18S 684
ribosomal RNA gene, partial

sequence

Acanthamoeba lenticulata 688
strain PD2S 18S small

subunit ribosomal RNA

gene, partial sequence
Acanthamoeba lenticulata 688
strain 25/1 18S small

subunit ribosomal RNA

gene, partial sequence
Acanthamoeba lenticulata 688
strain NJSP-3-2 18S small

subunit ribosomal RNA

274

688

684

684

688

688

688

97%

96%

96%

96%

96%

96%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%



u94737.1

u94736.1

u94735.1

U94734.1

U94733.1

AB525818.1

gene, partial sequence

Acanthamoeba lenticulata
strain 53-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 118 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain E18-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 407-3a 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 68-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba sp. AH-2009

gene for 18S ribosomal

275

688

688

688

688

688

684

688

688

688

688

688

684

96%

96%

96%

96%

96%

96%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%
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Soil

HC2_Soil_s6

Acanthamoeba

polyphaga

EU146072.1

JQ031557.1

GU936484.1

DQ992185.1

DQ992184.1

DQ992183.1

DQY992182.1

RNA, partial sequence,
strain: NHE(Ac)1-IR-T5

Acanthamoeba sp. S35 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba sp.
AcaKMO01 18S ribosomal
RNA gene, partial sequence
Acanthamoeba sp. M3
YH-2010 18S ribosomal
RNA gene, partial sequence
Acanthamoeba sp. EFW4
18S ribosomal RNA gene,
partial sequence
Acanthamoeba sp. EFW2
18S ribosomal RNA gene,
partial sequence
Acanthamoeba sp. EFW8
18S ribosomal RNA gene,
partial sequence
Acanthamoeba sp. EFW6
18S ribosomal RNA gene,

partial sequence

276

684

713

711

711

711

711

711

684

713

711

711

711

711

711

96%

97%

97%

97%

97%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

98%

98%

98%

98%

98%

98%



36

Soil

CC2_Soil_s1

Acanthamoeba

polyphaga

DQ103890.1

AY694141.1

AY148956.1

AY026749.1

AF019062.1

AY148954.1

AY173014.1

Acanthamoeba sp. MZOR
18S ribosomal RNA gene,
partial sequence
Acanthamoeba sp. L749/98
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp. KA/E8
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp. isolate
U/E10 small subunit
ribosomal RNA gene,
complete sequence
Acanthamoeba polyphaga
Nagington 18S ribosomal
RNA gene, partial

sequence

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete

sequence

277

711

711

711

711

711

753

753

711

711

711

711

711

753

753

97%

97%

97%

97%

97%

99%

99%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

98%

98%

98%

98%

98%

99%

99%



37

Soil

CC2_Soil_s2

Acanthamoeba

polyphaga

AY173013.1

AY026243.1

JN222978.1

DQ087320.1

U07407.1

AY148954.1

AY173014.1

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba polyphaga
BCM:0173:16 ATCC 50371
18S rRNA gene

Acanthamoeba sp. KA/E5
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete

sequence

278

753

753

749

749

749

749

749

753

753

749

749

749

749

749

99%

99%

98%

98%

99%

97%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



38

Soil

CC2_Soil_s3

Acanthamoeba

lenticulata

AY173013.1

AY026243.1

JN222978.1

DQ087320.1

uo4741.1

U94740.1

U94738.1

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba lenticulata
strain PD2S 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 25/1 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain NJSP-3-2 18S small

subunit ribosomal RNA
279

749

749

747

747

688

688

688

749

749

747

747

688

688

688

97%

97%

97%

97%

96%

96%

96%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%

99%



u94737.1

u94736.1

u94735.1

U94734.1

U94733.1

AB525818.1

gene, partial sequence

Acanthamoeba lenticulata
strain 53-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 118 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain E18-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 407-3a 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 68-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba sp. AH-2009

gene for 18S ribosomal

280

688

688

688

688

688

684

688

688

688

688

688

684

96%

96%

96%

96%

96%

96%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%
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Soil

CC2_Soil_s4

Acanthamoeba

lenticulata

EU146072.1

u94741.1

u94740.1

U94738.1

U94737.1

U94736.1

RNA, partial sequence,
strain: NHE(Ac)1-IR-T5

Acanthamoeba sp. S35 18S
ribosomal RNA gene, partial

sequence

Acanthamoeba lenticulata
strain PD2S 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 25/1 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain NJSP-3-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 53-2 18S small
subunit ribosomal RNA
gene, partial sequence
Acanthamoeba lenticulata
strain 118 18S small

subunit ribosomal RNA

281

684

690

690

690

690

690

684

690

690

690

690

690

96%

98%

98%

98%

98%

98%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%
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Air

HC1 Air_s4

Acanthamoeba

polyphaga

u94735.1

U94734.1

u94733.1

AB525818.1

EU146072.1

AY148954.1

gene, partial sequence

Acanthamoeba lenticulata 690
strain E18-2 18S small

subunit ribosomal RNA

gene, partial sequence
Acanthamoeba lenticulata 690
strain 407-3a 18S small

subunit ribosomal RNA

gene, partial sequence
Acanthamoeba lenticulata 690
strain 68-2 18S small

subunit ribosomal RNA

gene, partial sequence
Acanthamoeba sp. AH-2009 686
gene for 18S ribosomal

RNA, partial sequence,

strain: NHE(Ac)1-IR-T5
Acanthamoeba sp. S35 18S 686
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. KA/ES 742
18S ribosomal RNA gene,

complete sequence

282

690

690

690

686

686

742

98%

98%

98%

98%

98%

97%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

99%

99%

99%

99%

99%

99%



41

Air

HC2_Air_s3

Acanthamoeba

jacobsi

AY173014.1

AY173013.1

AY026243.1

JN222978.1

DQ087320.1

U07407.1

AY026245.1

Acanthamoeba sp.
KA/MSS6 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba sp.
KA/MSS2 18S ribosomal
RNA gene, complete
sequence

Acanthamoeba polyphaga
strain ATCC30461 small
subunit ribosomal RNA
gene, complete sequence
Acanthamoeba sp. 283 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba sp. S4 18S
ribosomal RNA gene, partial
sequence

Acanthamoeba polyphaga
BCM:0173:16 ATCC 50371
18S rRNA gene

Acanthamoeba sp. U/H-C1
small subunit ribosomal
RNA gene, complete

sequence
283

742

742

742

738

738

738

609

742

742

742

738

738

738

609

97%

97%

97%

96%

96%

97%

99%

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

8.000E-171

99%

99%

99%

99%

99%

99%

91%
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Air

HC2_Air_s6

Acanthamoeba

polyphaga

GQ380408.2

AY262364.1

AY?262363.1

AY?262362.1

GU596994.1

AY148954.1

AY173014.1

Acanthamoeba sp. cvX 185 600
ribosomal RNA gene, partial
sequence

Acanthamoeba jacobsi 592
AC304 18S ribosomal RNA
gene, partial sequence
Acanthamoeba jacobsi 592
AC227 18S ribosomal RNA
gene, partial sequence
Acanthamoeba jacobsi 592
AC194 18S ribosomal RNA

gene, partial sequence

Acanthamoeba polyphaga 746
isolate A8/SB2 18S

ribosomal RNA gene,

partial sequence

Acanthamoeba sp. KA/ES 744
18S ribosomal RNA gene,
complete sequence
Acanthamoeba sp. 744
KA/MSS6 18S ribosomal

RNA gene, complete

sequence

284

600

592

592

592

746

744

744

99%

99%

99%

99%

96%

98%

98%

4.000E-168

6E-166

6E-166

6E-166

0.000E+00

90%

90%

90%

90%

99%

99%

99%



AY173013.1

AY026243.1

Acanthamoeba sp. 744 744 98% 0 99%
KA/MSS2 18S ribosomal

RNA gene, complete

sequence

Acanthamoeba polyphaga 744 744 98% 0 99%
strain ATCC30461 small

subunit ribosomal RNA

gene, complete sequence

% Description in boldface represents the alignment and species to corresponding isolate

b Max score is the calculated from the number of matches and gaps and the higher relative to your query length is better

° Total score is the sum of the score of all (high scoring pairs, HSPs) from the same database sequence

9 Query coverage is the percent of query sequence matched by database entry and is the length coverage of the input query sequence
® E value gives you the number of entries required in the database for a match to happen by random chance

f is the percent that the genes match up within the limits of the full match

Table 17 Grouping of 42 isolates based on accession number and query coverage value
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Group ASAS1

Published 18S rRNA sequences of Acanthamoeba

sequences of 42 Accession Description Query
isolates coverage,
%
1 E i3and F_i2 AY148954.1 Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence 100
AY173014.1 Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence 100
AY173013.1 Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence 100
AY026243.1 Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA 100
gene, complete sequence
JN222978.1  Acanthamoeba sp. 283 18S ribosomal RNA gene, partial sequence 99
DQO087320.1 Acanthamoeba sp. S4 18S ribosomal RNA gene, partial sequence 99
2 A i4 AY148954.1 Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence 99
AY173014.1 Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence 99
AY173013.1 Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence 99
AY026243.1 Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA 99
gene, complete sequence
JN222978.1  Acanthamoeba sp. 283 18S ribosomal RNA gene, partial sequence 98
DQO087320.1 Acanthamoeba sp. S4 18S ribosomal RNA gene, partial sequence 98
3 E i8and C_i3 AY148954.1 Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence 98
AY173014.1 Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence 98
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4

E il, E_i4, F_il,
C.i2,D i2,and
CC2_Soil _s2

AY173013.1

AY026243.1

JN222978.1
DQ087320.1

AY148954.1
AY173014.1

AY173013.1

AY026243.1

IN222978.1
DQ087320.1

AY148954.1
AY173014.1

AY173013.1

AY026243.1

IN222978.1
DQ087320.1

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence

Acanthamoeba sp. 283 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. S4 18S ribosomal RNA gene, partial sequence

Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence

Acanthamoeba sp. 283 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. S4 18S ribosomal RNA gene, partial sequence

Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence

Acanthamoeba sp. 283 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. S4 18S ribosomal RNA gene, partial sequence
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98

98

98
98

97
97

97

97

97
97

96
96

96

96

96
96



6

F_ i3, D_il and
CC2_Soil_s1

A i6and B _i2

A i7,E_i7,B_il,
HC1_Air_s4

AY148954.1
AY173014.1

AY173013.1

AY026243.1

IN222978.1
DQ087320.1
U07407.1

AY148954.1
AY173014.1

AY173013.1

AY026243.1

IN222978.1
DQ087320.1
U07407.1

AY148954.1
AY173014.1

AY173013.1

Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence

Acanthamoeba sp. 283 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. S4 18S ribosomal RNA gene, partial sequence
Acanthamoeba polyphaga BCM:0173:16 ATCC 50371 18S rRNA gene

Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence

Acanthamoeba sp. 283 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. S4 18S ribosomal RNA gene, partial sequence
Acanthamoeba polyphaga BCM:0173:16 ATCC 50371 18S rRNA gene

Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence
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10

A _i8and B_i4

HC2_Air_s6

AY026243.1

JN222978.1
DQ087320.1
u07407.1

GU596994.1

AY148954.1
AY173014.1

AY173013.1

AY026243.1

GU596994.1

AY148954.1
AY173014.1

AY173013.1

AY026243.1

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence

Acanthamoeba sp. 283 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. S4 18S ribosomal RNA gene, partial sequence
Acanthamoeba polyphaga BCM:0173:16 ATCC 50371 18S rRNA gene

Acanthamoeba polyphaga isolate A8/SB2 18S ribosomal RNA gene, partial
sequence

Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence

Acanthamoeba polyphaga isolate A8/SB2 18S ribosomal RNA gene, partial
sequence

Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence
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12

13

E i6and B_i5

E i2and B_i3

E i5and C_il

GU596994.1

AY148954.1
AY173014.1

AY173013.1

AY026243.1

GU596994.1

JN222978.1

DQ087320.1
AY148954.1
AY173014.1

AY173013.1

AY026243.1

AY148954.1
AY173014.1

AY173013.1

Acanthamoeba polyphaga isolate A8/SB2 18S ribosomal RNA gene, partial
sequence

Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence

Acanthamoeba polyphaga isolate A8/SB2 18S ribosomal RNA gene, partial
sequence

Acanthamoeba sp. 283 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. S4 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence

Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence
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HC1 Soil s2 and
HC2_Soil s3

HC1 Soil _s5and
CC2_Soil_s4

AY026243.1

JN222978.1
GQ397478.1
EF140630.1
DQ087320.1
DQO013363.1
AY173004.1

u07407.1

GU596995.1

AY148954.1
AY173014.1

AY173013.1

AY026243.1

U94741.1

U94740.1

U94738.1

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence

Acanthamoeba sp. 283 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. AcaVN16 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. KA/E29 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. S4 18S ribosomal RNA gene, partial sequence
Acanthamoeba polyphaga 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. KA/MSG4 18S ribosomal RNA gene, complete sequence

Acanthamoeba polyphaga BCM:0173:16 ATCC 50371 18S rRNA gene

Acanthamoeba polyphaga isolate A10/SB2 18S ribosomal RNA gene, partial
sequence

Acanthamoeba sp. KA/E5 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/MSS6 18S ribosomal RNA gene, complete sequence

Acanthamoeba sp. KA/MSS2 18S ribosomal RNA gene, complete sequence

Acanthamoeba polyphaga strain ATCC30461 small subunit ribosomal RNA
gene, complete sequence

Acanthamoeba lenticulata strain PD2S 18S small subunit ribosomal RNA
gene, partial sequence

Acanthamoeba lenticulata strain 25/1 18S small subunit ribosomal RNA gene,

partial sequence
Acanthamoeba lenticulata strain NJSP-3-2 18S small subunit ribosomal RNA
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gene, partial sequence

U94737.1 Acanthamoeba lenticulata strain 53-2 18S small subunit ribosomal RNA gene,
partial sequence

U94736.1 Acanthamoeba lenticulata strain 118 18S small subunit ribosomal RNA gene,
partial sequence

U94735.1 Acanthamoeba lenticulata strain E18-2 18S small subunit ribosomal RNA
gene, partial sequence

U94734.1 Acanthamoeba lenticulata strain 407-3a 18S small subunit ribosomal RNA
gene, partial sequence

U94733.1 Acanthamoeba lenticulata strain 68-2 18S small subunit ribosomal RNA gene,
partial sequence

AB525818.1 Acanthamoeba sp. AH-2009 gene for 18S ribosomal RNA, partial sequence,
strain: NHE(Ac)1-IR-T5

EU146072.1 Acanthamoeba sp. S35 18S ribosomal RNA gene, partial sequence

16 HC2_Soil s4 U94741.1 Acanthamoeba lenticulata strain PD2S 18S small subunit ribosomal RNA

gene, partial sequence

u94740.1 Acanthamoeba lenticulata strain 25/1 18S small subunit ribosomal RNA gene,
partial sequence

u94738.1 Acanthamoeba lenticulata strain NJSP-3-2 18S small subunit ribosomal RNA
gene, partial sequence

U94737.1 Acanthamoeba lenticulata strain 53-2 18S small subunit ribosomal RNA gene,
partial sequence

U94736.1 Acanthamoeba lenticulata strain 118 18S small subunit ribosomal RNA gene,
partial sequence
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CC1_Soil_s1,
CC1 Soil_s5,
HC2_Soil_s5, and
CC2_Soil_s3

U94735.1

U94734.1

U94733.1

AB525818.1

EU146072.1

U94741.1

U94740.1

u94738.1

u94737.1

U94736.1

U94735.1

U94734.1

U94733.1

Acanthamoeba lenticulata strain E18-2 18S small subunit ribosomal RNA 97
gene, partial sequence

Acanthamoeba lenticulata strain 407-3a 18S small subunit ribosomal RNA 97
gene, partial sequence

Acanthamoeba lenticulata strain 68-2 18S small subunit ribosomal RNA gene, 97
partial sequence

Acanthamoeba sp. AH-2009 gene for 18S ribosomal RNA, partial sequence, 96
strain: NHE(Ac)1-IR-T5

Acanthamoeba sp. S35 18S ribosomal RNA gene, partial sequence 96

Acanthamoeba lenticulata strain PD2S 18S small subunit ribosomal RNA 96
gene, partial sequence

Acanthamoeba lenticulata strain 25/1 18S small subunit ribosomal RNA gene, 96
partial sequence

Acanthamoeba lenticulata strain NJSP-3-2 18S small subunit ribosomal RNA 96
gene, partial sequence

Acanthamoeba lenticulata strain 53-2 18S small subunit ribosomal RNA gene, 96
partial sequence

Acanthamoeba lenticulata strain 118 18S small subunit ribosomal RNA gene, 96
partial sequence

Acanthamoeba lenticulata strain E18-2 18S small subunit ribosomal RNA 96
gene, partial sequence

Acanthamoeba lenticulata strain 407-3a 18S small subunit ribosomal RNA 96
gene, partial sequence

Acanthamoeba lenticulata strain 68-2 18S small subunit ribosomal RNA gene, 96
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HC2_Soil sl and
HC2_Soil _s6

HC2_Air_s3

AB525818.1

EU146072.1

JQO031557.1
GU936484.1

DQ992185.1
DQ992184.1
DQ992183.1
DQY992182.1
DQ103890.1
AY694141.1
AY148956.1
AY026749.1

AF019062.1

AY026245.1

GQ380408.2

partial sequence

Acanthamoeba sp. AH-2009 gene for 18S ribosomal RNA, partial sequence,
strain: NHE(Ac)1-IR-T5
Acanthamoeba sp. S35 18S ribosomal RNA gene, partial sequence

Acanthamoeba sp. AcaKMO01 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. M3 YH-2010 18S ribosomal RNA gene, partial sequence

Acanthamoeba sp. EFW4 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. EFW2 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. EFW8 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. EFW6 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. MZOR 18S ribosomal RNA gene, partial sequence
Acanthamoeba sp. L749/98 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. KA/E8 18S ribosomal RNA gene, complete sequence
Acanthamoeba sp. isolate U/E10 small subunit ribosomal RNA gene,
complete sequence

Acanthamoeba polyphaga Nagington 18S ribosomal RNA gene, partial
sequence

Acanthamoeba sp. U/H-C1 small subunit ribosomal RNA gene, complete
sequence
Acanthamoeba sp. cvX 18S ribosomal RNA gene, partial sequence
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#LA2AAvh

ik X fE Lav
AosER 12 B A o 3R ERHPF Water samples were collected from six swimming pools during
FERER? normal operation in Taipei, Taiwan (July 2 and July 16) of 2011

and (early spring March 21 and early spring March 28) of 2012.
Sampling time of four community-type swimming pools were
in the morning around 09:00 a.m. to 10:00 a.m. Sampling time
of two school-type swimming pools were in the afternoon
around 02:00 p.m. to 03:00 p.m.

AP FRRPEREEA B d 2?28 A% The people density in four community-type swimming pools

EFS I S S were around 0.048 to 0.112 (people/m?).The people density in
two school-type swimming pools were around 0.068 to 0.094
(people/m?).

DR ¥ i el ipfufu (k@ 2 i B 6.2.2.1. Pool water
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AR BRAE SR A R GR /ﬁ i %ﬁ” 5.2.5. Phylogenetic analysis and genotyping
B-f o Xk fﬁﬁﬁ’% £ & -

Lo xk SR A A B o ERk

bootstrap value -] >+ 65 ek g o

ik hdk 4 gl ek See appendix
i H B e T i = Ak A 971 3] 7.1, Conclusions

FACTI AT BRE S TR F
7 e A gtk B o

EA R N LAr R

B AR KBRS L7 In order to represent each onion farmland

T A EBERSPAT ZBHEEE?  Comparisons between biosampler IOM and biosampler
MAS-100 on quantifications of Acanthamoeba by real-time
PCR revealed that the Ct (cycle threshold) of sampling by IOM
are more close to detection limit than MAS-100, results in the
difficulty to determine Acanthamoeba concentrations.
Therefore, MAS-100 was used as in the present study.

EREHEEEY? Onion harvesters in the HengChun Peninsula of southern
Taiwan simultaneously reported suffering from fungal corneal
ulcers may attribute to ocular trauma caused by pieces of onion
skin or plant leaves that drifted into their eyes while they were
harvesting onions (Lin et al., 1999). Trauma has been known to
the major risk factors especially in farmers with AK (Ma et al.,
1981; Manikandan et al., 2004; Sun et al., 2006).

K gL enBRlgrA_cyst 3 #-¥ 47 > Photos in 1000x were taken.
troph020|te VA € ERL 0 200X
TP RZER LR NG
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EHF R I S35 /7 254 At 30°C (as control) (Caumo et al., 2009), 37°C (Caumo et al.,

RGREAS S 2009). Acanthamoeba isolates can survive and grow in human
bodies which have an average body temperature of +37°C, and
are therefore considered as potential human pathogenic isolates.
And 42°C for 10 days (Chan et al., 2011) in order to investigate
Acanthamoeba for increased thermotolerance. To investigate
the effects of higher temperature on viability of Acanthamoeba,
cysts were exposed 52°C (Chan et al., 2011) for 24 hours prior
to incubations at 30°C for nine days, which favored excystation.

MAcs i Ac kK iR? 6.2.2.1. Pool water

PEAGH R FIRE? T v s 6.2.7.1. Pool water
o R R

Btk Lavk

H_F A i BRAC & ek 2?7 A% @ Future work

SR pEEING 5D

i Bl F & 23 R A% Table 17 Alignment results of different isolates from the same
MR R?2IEY S 5 5 ¥ sampling day and same sampling site

T FSRIORAT - IR

- BHER A See abbreviation

VG Fleg g i R A RA Future work
%
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e p e BLplenT § 2 3 ATA 6.2.6. The potentially pathogenicity of Acanthamoeba isolated
e fE AR v o @R @S S R from the environments
ZEFE ENLE S B

F R & g 738w g 4o 22 Chapter 7 Conclusions and Suggestions
RAKRFT YA g

Air 7 soil # a2 4p B 12 > % Table 17 Alignment results of different isolates from the same
PEHREZ - sampling day and same sampling site
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