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membrane filter. Each filter insert was then placed in non-nutrient agar plates already seeded
with lawn culture of Escherichia coli. Positive samples were analyzed by morphological keys and
Polymerase chain reaction (PCR) using 18S rDNA gene and ITS region to identify amoeba isolates.
A total of 81 water sampled were tasted. After identified using the morphological key and PCR
assay, 54 (66.6%) of the samples were positive for FLA. Ten of the samples were identified as
Acanthamoeba (belong to T3, T4, and T5 genotypes), three as Vermamoeba vermiformis, four as
Naegleria (3 N.australiensis and 1 N.grubery). Only one sample was positive Vahlkampfia. The pres-
ence of thermotolerant FLA in the Hot springs and beaches of the Caspian Sea as places for recre-

ational purposes or wellness may be a potential health risk.
© 2020 The Authors. Published by Elsevier Ltd on behalf of World Federation of Parasitologists.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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1. Introduction

Free-living amoebae (FLA) are protozoa widely distributed throughout the world that can survive and replicate in the environ-
ment without a host. FLA are present in a large variety of natural habitats and human-made ecosystems, such as rivers, lakes,
swimming pools, Hot springs and spa (Martinez, 1985; Teixeira et al., 2009). Among the many genera of FLA amoebae in nature,
only four genera have an association with human and animal's disease, Acanthamoeba spp., Balamuthia mandrillaris, Naegleria
fowleri and Sappinia diploidea. N.fowleri and Several species of Acanthamoeba can cause central nervous system disability called
primary amoebic meningoencephalitis (PAM) and granulomatous amoebic encephalitis (GAE), respectively. PAM is a devastating
infection of the brain caused by the N. fowleri and cases have been reported from several countries (Abrahams-Sandi et al., 2015).
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Until now, 47 different Naegleria spp. are described. Species of the same genus, N. australiensis, and N. italica are natural pathogens
of laboratory mice, rats, and rabbits. We don't have any information about another genus of Neglaria (De Jonckheere, 2014).
Among the many genera of FLA that exist in nature, Naegleria spp., Acanthamoeba spp., Vermamoeba vermiformis and Balamuthia
mandrillaris isolated from hot springs (Latifi et al., 2017; Niyyati et al., 2016; Latifi et al., 2016). Acanthamoeba is a prevalent genus
of FLA in recreational waters also can cause cutaneous lesions and Amoebic Keratitis (AK) that is associated with contact lens use
or corneal trauma. (Schuster and Visvesvara, 2004; Visvesvara et al., 2007). AK infection of the eye that typically occurs in healthy
persons and can result in permanent visual impairment or blindness (Visvesvara et al., 2007). Risk factors such as a history of
trauma, contact lens wear, swimming or hot spring use with contact lenses inserted, were documented (Mathers et al., 1998;
Kaji et al., 2005). The current molecular classification divides Acanthamoeba spp. Into 21 genotypes (T1-T21), based on nucleotide
sequence variations in the 18S rRNA gene (Corsaro et al., 2017). FLA such as Acanthamoeba spp. and Vermamoeba vermiformis are
known to serve as host of and vehicles for diverse intracellular organisms such as Mimivirus, legionella pneumophila and others
endosymbionts (Siddiqui and Khan, 2012; Pagnier et al., 2015). Hot spring water as natural treatment options for Musculoskeletal
Pain and skin diseases in the world (Hao et al,, 2011; Ozgelik et al., 2000; Yazdi et al., 2015). Ahmad et al., 2011; Dykova et al.,
1999). Therefore, it is crucial to rapidly detect thermotolerant FLA in hot springs and similar recreational water environments
where people swim and bathe because of their possible impact on human health. This study aimed to identify the presence of
FLA in the hot springs and beaches of the Caspian Sea in Ramsar tourist town located in the northern part of Iran.

2. Material and methods
2.1. Sampling

The samples described in the current study were collected from the five hot springs and closest recreational beaches to them
in July 2018 (Fig. 1). Nine samples were collected from the surface of the water (<10 cm below), each with a sterilized 1.5-1 bottle.
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Fig. 1. Location of hot springs and beaches close to the hot springs in the Ramsar tourist city, in northern Iran.
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A total of 13.5 | of water was collected from each beach and each hot spring. All bottles were transferred to Parasite Laboratory,
School of Public Health, Tehran University of Medical Sciences, Tehran, Iran for FLA identification. Temperature and pH values of
hot springs and beaches were measured using a thermometer and digital pH meter, respectively.

2.2. Filtration and cultivation

One litre of each sample was passed through a cellulose nitrate membrane filter (Sartoriu,pore size 0.45 pm), using a vacuum
pump. The filters were immediately placed on 1.5% non-nutrient agar (NNA) medium. To enrich the cultural media, we added
some heat-killed Escherichia coli K19. The plates were sealed with parafilm and then incubated at 35 °C for 30 days. Each sample
was examined daily by the inverted microscopy to detect trophozoites or cysts of FLA (Yousuf et al., 2017).

2.3. Microscopic examination and cloning

Amoebae were morphologically identified according to taxonomic criteria (Page, 1988). Positive samples were purified to ex-
clude fungi and bacterial populations. Only a few cysts were transferred to the fresh medium, and they were followed for several
weeks.

24. DNA extraction and amplification

Finally, FLA colonies washed by PBS thoroughly; the suspended were centrifuged at 1000g for 10 min. Sediments were used for DNA
extraction was performed using the MagNA Pure LC DNA Isolation Kit I (Roche Germany) without modification according to the man-
ufacturers’ instructions contained in the kit inserts. Amplification of FLA DNA was performed using the 18S rDNA gene and ITS region to
identify amoeba isolates. Five sets of primers were used to detect various FLA, including Acanthamoeba spp. (primers: JDP1 5'-
GGCCCAGATCGTTTACCGTGAA-3’ and JDP2 5’-TCTCACAAGCTGCTAGGGAGTCA3’ (Schroeder et al., 2001), Vahlkampfiids (ITS1,2
primers: F5’-GAACCTGCGTAGGGATCATTT-3’ and R 5’TTTCTTTTCCTCCCCTTATTA-3) (Pélandakis and Pernin, 2002) and Vermamoebae
primers (NA1, 2 primers: NA1 5’-GCTCCAATAGCG TATATT AA-3’ and NA2 5-AGAAAGAGCTATCAATCTGT-3’) (Lasjerdi et al., 2011),
Balamuthia mandrillaris (Balspec16S, 5-CGCATGTATGAAGAAGACCA-3 and Balspec16Sr, 5-TTACCTATATAATTGTCGATACCA —3)
(Booton et al., 2004). The PCR reaction was performed using Red master mix (Denmark), and 25 pl of the master mix were combined
with DNA (10 ng), specific primer pairs and distilled water. The cycling condition was set as a pre-denaturation step for 3 min at 94 °C,
followed by 35 repetitions at 94 °C for 35 s, annealing steps were at 56 °C, 56 °C, 56 °C and 58 °C for one min (for Acanthamoeba,
Vahlkampfiids, Balamuthia and Vermamoeba, respectively), and an extension step at 72 °C for one min. The PCR products were visual-
ized on a 1.5% agarose gel containing ethidium bromide and a 100 bp DNA ladder (Sina gen, Iran).

2.5. DNA sequencing

In addition to morphological and microscopic identifications, all positive samples in this study were also identified using the
molecular method with specific primers for Acanthamoeba spp. Vahlkampfidea, Vermamoeba, Naegleria fowleri and Balamuthia
mandrillaris. Because of the similarity of the results each site, some of these samples were selected and sent for sequencing. Pu-
rified PCR products were sequenced with an automatic sequencer by Bioneer (Daejeon, South Korea). The genes were blasted by
BLAST (https://www.ncbi.nlm.nih.gov/Blast). Sequences obtained in this study were submitted to the GenBank database.

2.6. Temperature tolerance

Thermotolerance tests were performed to assay the pathogenicity of the positive isolates. For the thermotolerance test, tropho-
zoites and cysts of positive FLA isolates were separately inoculated onto NNA medium (In the form of triplicate). Then each plate
was incubated at three different temperatures (30, 37 and 44 °C). The density of amoebal growth on the plates was recorded dur-
ing the7 days of incubation. (John and Howard, 1996) (Table 3). The growth of amoebas on plates was observed daily using an
inverted microscope. Also, one of the plates was scraped daily and the number of amoebas was counted using Neobar slides.

3. Results

A total of 81 water samples were identified using morphological keys and PCR assay. After three days to 1 month of incuba-
tion, 54 (66.6%) of the 81 total water samples were positive for FLA (Fig. 2). Eighteen samples with sharp bands were selected
from every hot spring and every beach and sent for sequencing analysis. Of the isolated amoebae, ten were identified as
Acanthamoeba (belong to T3, T4, and T5 genotypes), three as Vermamoeba vermiformis, four as Naegleria (3 N.australiensis and
1 N.grubery). Only one sample was positive Vahlkampfia. The BLAST analysis of the sequences presented a high percentage of iden-
tity (98%-100%) and query coverage (91%- 99%) in comparison with the deposited genes in the GenBank database. Acanthamoeba
spp. were the most common amoebae in the surveyed water samples. Acanthamoeba genotype T4 (isolates in 3 samples) have
100% homology with Acanthamoeba castellanii, Acanthamoeba genotype T5 (isolates in 1 sample) have98% homology with
Acanthamoeba lenticulata and Acanthamoeba genotype T3 (isolates in 1 sample) have 98% homology with Acanthamoeba griffin.
The Morphological survey and PCR assay failed to show any positive results for Balamuthia mandrillaris and N.fowleri. Tables 1
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Fig. 2. Free-living amoeba in NNA (magnification 20x) A) The trophozoites of Acanthamoeba spp. b) The Cysts of Acanthamoeba spp. c) The trophozoites and Cysts
of Vahlkampfiids. d) The cysts of Vermamoeba sp.

and 2 show the distribution rate of FLA in various water sources in the present study. The temperature and pH of the surveyed
water are shown in Table 1. A total of eleven out of 17 were able to grow at high temperatures. The results of the thermotoler-
ance assays are summarized in Table 3.

4. Discussion

Hot springs and spa are used for recreational purposes or wellness applications (Giampaoli and Romano Spica, 2014; Van
Tubergen and van der Linden, 2002; Routh et al., 1996). The increasing the use of the sea for recreation has led to major concern
regarding health hazards to both local and tourist populations (Fewtrell and Kay, 2015). The presence of potential pathogen free-
living amoeba in hot springs and Seawater has been confirmed in most parts of the world (Huang and Hsu, 2010; Ozgelik et al.,
2012; Booton et al., 2004; Latifi et al., 2017; Latifi et al., 2016; Badirzadeh et al., 2011; Niyyati et al., 2016). Previous reports have
linked N. fowleri infections in the USA to water exposure in warm-weather states, particularly among young males (Visvesvara
and Stehr-Green, 1990). N. fowleri has been frequently detected in hot spring water samples, and three case reports have been
associated with the same hot spring (Sheehan et al., 2003; Seidel, 1985). Exposure to Acanthamoeba species is common due to
its ubiquitous nature. In some cases, the source has been proven to be tap water, which is colonized with Acanthamoeba species,
subsequently contaminating contact lenses, which serve as vectors (Kilvington et al., 2004). The major risk factors for developing
AK comprise epithelial microtrauma, contact lens overuse, improper contact lens maintenance, contact lens wear in contaminated
water such as the swimming pool, and exposure to contaminated water (Hammersmith, 2006). They are resistant to killing by
freezing, desiccation, and chlorination commonly used in municipal water supplies, swimming pools, and hot tubs. (Khan,

Table 1

Location and description of hot springs and data regarding isolated free-living amoeba from hot springs and coast of the Caspian Sea.
Name of Hotspring And  Number of Number Mixed Acanthamoeba spp. Mixed Acanthamoeba spp. ~ Acanthamoeba pH Temperature
Sampling Site Samples positive and Vahlkampfiids and Vermamoeba sp. spp. °C

samples

POL 3/3 3/3 3 0 0 7/8 40
Mother 3/3 3/3 3 0 0 7/7 39
Hotel 3/3 2/3 2 0 0 7/9 44
Sadat shahr (katalom) 3/3 3/3 2 0 1 7/7 39/5
Sang o Boneh 3/3 2/3 0 2 0 7/5 38
Kash 3/3 2/3 1 1 0 7/5 38
Coast 1 3/3 2/3 0 2 0 7 29
Coast 2 3/3 0/3 0 0 0 7 29
Coast 3 3/3 1/3 0 0 1 7 29
Total 27 18 (66.6%) 11 5 2 - -
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Table 2
Molecular data regarding isolated free-living amoeba from hot springs and coast of the Caspian Sea.
Name of Hotspring And Isolate Morphology PCR PCR PCR for N. PCR Sequencing Accession
Sampling Site code (JDP1,2)  (ITS1,2) fowleri (NA1,2) Number

Madar AL1 Acanthamoeba spp. + - - - T4genotype MH938694
AL10 Acanthamoeba spp. + - - - T5genotype MH938703
AL Vahlkampfids - + - - N.australiensis MK034875
Pol AL2 Acanthamoeba spp. + - - - T4genotype MH938695
Vahlkampfids - + - - N.australiensis MK034876
Vahlkampfids - + - - Vahlkampfia MK034879
Hotel AL3 Acanthamoeba spp. + - - - T4genotype MH938696
AL Vahlkampfids - + - - N.grubery MKO034878
Sadat shahr (Katalom) AL4 Acanthamoeba spp. + - - - T4genotype MH938697
AL Vahlkampfids - + - - N.australiensis MK034877
Sang o Boneh AL5 Acanthamoeba spp. + - - - T4genotype MH938698
AL9 Acanthamoeba spp. + - - - T5genotype MH938702
ALl Vermamoeba sp. - - - + Vermamoeba MH899918

vermiformis
Kash AL6 Acanthamoeba spp. + - - - T4genotype MH938699
AL2 Vermamoeba sp. - - - + Vermamoeba MH899919

vermiformis
Coast 1 AL7 Acanthamoeba spp. + - - - T4genotype MH938700
AL3 Vermamoeba sp. - - - + Vermamoeba MH899920

vermiformis
Coast 3 AL8 Acanthamoeba + - - - T3genotype MH938701

spp.

2009). Ramsar is one the counties of Mazandaran province on the shore of Caspian Sea in northern Iran with beautiful sights and
exquisite natural attractions, is considered as one of the top regions in the country for nature tourism and it attracts a great num-
ber of travellers and tourists every year. Ramsar is a popular sea resort and has hottest hot springs for therapeutic and recreational
purposes. In this study for the first time, the Caspian coasts were examined for the presence of pathogenic amoebae. After mor-
phological and molecular surveys, waters of these coasts were contaminated with Acanthamoeba genotype T4, T3, and
Vermamoeba vermiformis. Hot springs are also contaminated with Acanthamoeba genotype T4, T5, N. australiensis, N. grubery,
Vahlkampfia, and Vermamoeba vermiformis. The survey was conducted in the summer of 2018. another similar study was con-
ducted by Latifi et al. (Autumn 2017) to identify Naegleria spp. and Balamuthia mandrillaris in all hot springs of Mazandaran prov-
ince. Balamuthia mandrillaris was found in the Ramsar Hotel and Bridge hot springs (Latifi et al., 2017; Latifi et al., 2016). But in
the present study, Balamuthia mandrillaris was not found in hot springs. About Naegleria spp., the bridge Hotsprings was still con-
taminated with N. australiensis, But in this current study, N. australiensis was isolated instead of N. fultoni from the Sadatshahr
Hotspring (Katalom). In the present study, several hot springs that negative in the previous study, was positive for the presence
of FLA. Due to fluctuations in temperature in sampling seasons. During this study, for the first time, Vahlkampfia was identified
from the bridge hot springs of Ramsar city. Niyyti reported Vahlkampfia and Acanthamoeba genotype T3 of the cultured corneal
epithelial cells and contact lenses of patients with contact lens-related AK (Niyyati et al., 2010). cytopathogenicity of
Acanthamoeba, Vahlkampfia, and Vermamoeba sp. have been proven on keratocytes. Kinner et al. showed that these amoeba ability
to produce a cytopathic effect on keratocytes was similar in magnitude and mechanism to that of the known pathogen
Acanthamoeba castellanii (Kinnear, 2003). In other studies on the corneal scrape, specimens were obtained from patients with

Table 3
Thermo tolerance test of the isolated Vahlkampfids, Acanthamoenba spp. and Vermamoeba sp.
Code Type of amoeba 30°C 37°C 44°C
AL1 Acanthamoeba (T4genotype) + + -
AL2 Acanthamoeba (T4genotype) + + +
AL3 Acanthamoeba (T4genotype) + + +
AL4 Acanthamoeba (T4genotype) + + +
AL5 Acanthamoeba (T4genotype) + + +
AL6 Acanthamoeba (T4genotype) + + -
AL7 Acanthamoeba (T4genotype) + + +
AL8 Acanthamoeba (T3genotype) + + -
AL9 Acanthamoeba (T5genotype) + + -
AL10 Acanthamoeba (T5genotype) + + -
AL N.australiensis + + +
AL N.australiensis + + +
AL N.grubery + + +
AL Vahlkampfia + + -
ALV1 Vermamoeba vermiformis + + +
ALV2 Vermamoeba vermiformis + + +
ALV3 Vermamoeba vermiformis + + +
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keratitis. These specimens were studied using electron microscopy and prepared pure axenic cultures. They showed the presence
of Acanthamoeba, Hartmannella, and Vahlkampfia trophozoites and cysts. Some appeared smaller and morphologically distinct
from Acanthamoeba and were identified as Vahlkampfia. (Aitken et al., 1996; Alexandrakis et al., 1998). In the present study,
N. australiensis were isolated from three hot springs. N. fowleri is the only known human pathogen of the 30 Naegleria species
that have been identified but, the pathogenesis of N. australiensis has been confirmed in laboratory animals (Latifi et al., 2017;
Latifi et al., 2018). Other results of this study showed the presence of Acanthamoeba castellanii, this amoeba causes Granulomatous
Acanthamoeba Encephalitis (GAE) and Acanthamoeba keratitis (AK) in animals and humans, with a healthy immune system
(Sheng et al., 2009; Noorjahan, 2010). The other isolate was Acanthamoeba lenticulata Acanthamoeba lenticulata. This amoeba re-
ported from a fatal case of disseminated acanthamebiasis caused by Acanthamoeba lenticulata (genotype T5) in a 39-year-old
heart transplant recipient (Barete et al., 2007). It is also isolated from patients with keratitis (Van Zyl et al., 2013). The other iso-
late was Acanthamoeba griffini. Some cases of keratitis have been reported by Acanthamoeba griffin (Heredero-Bermejo et al., 2015;
Ledee et al., 1996). This amoeba is also isolated from the ocean sediments (Liu et al., 2006). Vermamoeba vermiformis was one of
the other amoebae identified in our study. Vermamoeba vermiformis can act as hosts to several different microorganisms that may
coexist simultaneously (Delafont et al., 2018; Slimani et al., 2013). Vermamoeba vermiformis has been isolated from a corneal bi-
opsy sample in a contact lens wearer alone and combination with Acanthamoeba species (Aitken et al., 1996; Inoue et al., 1998;
Lorenzo-Morales et al., 2007; Abedkhojasteh et al.,, 2013). The results of the thermotolerance tests showed that most FLA in this
study were thermotolerant. These are indirect factors related to pathogenicity (Khan, 2001). This feature enables the amoeba to
resist normal body temperature or even fever in the host. Moreover, the growth of amoebae at temperatures above 40 °C is di-
rectly correlated to their ability to produce cellular damage in vitro (Griffin, 1972; Walochnik et al., 2000). The presence of
thermotolerant FLA in the Hot springs and beaches of the Caspian Sea as places for recreational purposes or wellness may be a
potential health risk. So it is necessary to the water of hot springs as an environment for the growth of pathogen free-living
amoeba, filter and clean before use. Warning signs shall be installed next to these hot springs to inform people about the dangers
of these FLA. Also before getting into these hot springs, use of swimming glasses and nosepieces.
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