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Abstract Acanthamoeba as free-living parasites are scat-

tered ubiquitously, throughout the world. This study was

aimed to evaluate the presence of Acanthamoeba spp.

genotypes in the recreational water sources in Gorgan

County, the capital of Golestan Province using both mor-

phological and molecular approaches. Thirty water samples

were collected from different recreational waters in Gor-

gan, the capital of Golestan Province, northern Iran during

2015–2016. Samples were filtered and followed by culture

in non-nutrient agar. Acanthamoeba were identified both

by morphological and molecular analysis. The pathogeni-

cal potential of positive cloned samples were also deter-

mined using tolerance test. Twenty-six percent of

recreational water were identified as Acanthamoeba spp.

based on the morphological analysis and from these posi-

tive samples, five samples were successfully sequenced

after molecular studies. Phylogenetic analysis showed the

clustering of four samples in T4 genotype group and only

one sample as T15 genotype. Thermotolerance test

revealed that all cloned samples were highly positive.

Since the attractiveness of recreational places for people is

increasing, the potential risk of this water should be

monitored routinely in each region. More studies are nee-

ded to better evaluate the risk of this ubiquitous parasite for

the human.
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Introduction

Acanthamoeba as free-living parasites are scattered ubiq-

uitously, throughout the world. These protozoans are very

durable and well-adapted to hard environmental conditions

such as air, dusts, soil, and different water supplies and,

even from the throat and nasal mucosa of healthy indi-

viduals (Marciano-Cabral and Cabral 2003; Schuster and

Visvesvara 2004; Lorenzo-Morales et al. 2006; Visvesvara

et al. 2007).

Recent studies on Acanthamoeba infection of recre-

ational water sources in southern part of Iran revealed that

all these sources were infected by Acanthamoeba infection

(Niyyati et al. 2016a, b). Due to increasing the immuno-

compromised or immunosuppressed individuals in the

societies, this opportunistic parasite must be more consid-

ered as a health threatening by the authorities (Forrest

2004). Contact lens users are at risk of Acanthamoeba

keratitis (AK) due to wear the contaminated lens (Radford

et al. 1995). Although, AK cases are uncommon, but,

infectivity of corneal is sight-threatening and also can

cause blindness in these patients (Lorenzo-Morales et al.

2013). Most cases of AK have a history of washing their

contact lens with unclean water (Radford et al. 2002). Until
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now, a total of 150 cases of AK have been reported from

Iran, whoever, the true number of AK maybe higher than

(Niyyati and Rezaeian 2015). In addition, this parasite can

act as a ‘Trojan horse’ for some amoeba-resisting bacteria

(ARB) including, Legionella spp., Burkholderia cepacia,

Listeria monocytogenes, Vibrio cholera, Listeria monocy-

togenes and Escherichia coli O157 that are existence in

environmental water naturally (Pagnier et al. 2008; Thomas

et al. 2010).

Detection of Acanthamoeba is based on the morpho-

metrical and molecular methods (Lorenzo-Morales et al.

2015). Cultivation of suspected samples and contact lens in

non-nutrient agar medium is a useful method for detection

of Acanthamoeba parasites. Specific morphometric criteria

of their trophozoites and cysts in the culture could be

efficient for genus differentiating (Marciano-Cabral and

Cabral 2003). However, molecular studies with precise

detection were used for genotyping of parasites (Lorenzo-

Morales et al. 2015). To date, 20 genotypes of Acan-

thamoeba are detected and the T2, T3, T4, T5, T6, T11 and

T15 have been reported from Iran (Niyyati and Rezaeian

2015). Golestan Province, located in the north of Iran is

well known as a tourist attractive area with many recre-

ational water sources. This study aimed to evaluate the

presence of Acanthamoeba spp. in the recreational water

sources in Gorgan County using both morphological and

molecular approaches.

Materials and methods

Geographical information of Ardebil Province

Golestan Province located in north-east of Iran, with

moderate Mediterranean climate, lying within the 36�300–
38�80N and 53�570–56�220E (Fig. 1). It attracts many

tourists due to the presence of many recreational park and

waterfall (Mollalo et al. 2015).

Sampling

Thirty sample were collected from different recreational

water of park ponds (22) and public squares (8) in Gorgan,

the capital of Golestan Province, northern Iran during

2015–2016. Water samples belonged to three park ponds

and eight public squares. The samples were placed into

sterile bottles and transported to the Department of Para-

sitology and Mycology, School of Medicine, Shiraz

University of Medical Sciences, Iran and filtered using

sterile membrane filters (pore size 0.45 lm).

Morphological surveys

Filtered membranes were transferred onto 1% non-nutrient

agar plates overlaid containing autoclaved Escherichia coli

at 30 �C or room temperature for 1 month.

Incubated media were surveyed for Acanthamoeba

parasite that could be detected easily by distinct mor-

phology of both cyst and trophic stages (Page 1988). To

access the pure media containing trophozoites of Acan-

thamoeba, several sub-cultures were done. For this, a few

amoebae of culture were transferred to a new fresh med-

ium. Pure media were scraped and washed with phosphate-

buffered saline (PBS pH 7) to use in DNA extraction.

Tolerance assays

The axenic culture from positive samples was achieved by

sub-culture method and then cloned isolates were incu-

bated at two temperatures (37 �C and 42 �C) for different

time (24, 48, and 72 h).

Molecular study

The DNA was extracted by Instagene matrix (Chelex;

Biorad) protocol. Briefly, a total of 50 ll Chelex were

added to approximately 1000 washed trophozoite cells and

incubated at 56 �C for 20 min, and followed by 10 min

incubation in Bain-marie (100 �C). the samples were cen-

trifuged at 10,0009g for 5 min and supernatant solution

was used as the DNA template for PCR reaction. PCR

reactions were applied in a final volume of 30 ll including

30 ng DNA, 1.25 U Taq DNA polymerase, 1.5 mM

MgCl2, 0.2 lM dNTP and 0.2 lM each primer. The

diagnostic fragment 3 (DF3) region of 18S rRNA was

amplified using JDP1-2 primer pairs (Schroeder et al. 2001;

Booton et al. 2002). Thermal cycler program for DNA

amplification was as below: Primary denaturation, 94 �C
for 60 s, 35 cycles of 94 �C for 35 s, 56 �C for 45 s, 72 �C
for 60 s and finally a terminal extension at 72 �C for

10 min. PCR product were electrophoresed using agarose

gel 1.5% and stained with ethidium bromide (25 mg/ml).

Visualisation of bands was done under UV illumination.

Sequencing

Positive samples were sequenced by Bioneer Company

(Daejeon, South Korea). Sequenced samples were blasted

using GenBank from the National Center for Biotechnol-

ogy Information (NCBI) site (Altschul et al. 1997).
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Phylogenetic analysis

Phylogenetic analysis was inferred using the 18s rRNA

sequence originated from the current study with those of

reference strains deposited in GenBank by the neighbour-

joining method (Saitou and Nei 1987) with the MEGA

version 6 computer program (Tamura et al. 2013). The

evolutionary distances were constructed using the Kimura

2-parameter model (Kimura 1980) with the pairwise dele-

tion of gap option. The statistical reliability of nodes was

evaluated by bootstrap analysis with 1000 replicates. En-

tamoeba coli were used as out-group for construction of

phylogenetic tree.

Results

Out of 30 recreational water samples, 8 (26.6%) samples

were identified as Acanthamoeba genus based on the

morphological analysis of characteristic trophozoites and

the double-walled cysts. From 22 samples isolated from

squares, 6 samples (27.2%), were contaminated with this

amoeba while, 2 of 8 (25%) samples from park ponds were

positive with Acanthamoeba parasite. Acanthamoeba

trophozoites were flat shape, spine-like structures and

containing a prominent nucleus (Fig. 2a) while, the cysts

were double walled, had a 3–6 cyst arms, with a size

between 20 and 22 lm (Fig. 2b).

Sub-culture of Acanthamoeba spp. to achieve the axenic

media including pure parasite, were successfully performed

only for 5 samples. Thermotolerance test showed that all

cloned Acanthamoeba isolates were capable of growth at

high temperatures including 37 �C and 42 �C. The

amoeba-to-flagellate transformation test was negative for

all isolates.

The molecular study, with genus-specific JDP primers,

was carried out on these five samples. Electrophoresis of

PCR product showed the 500 bp fragments on agarose gel

(Fig. 3). Sequences showed the samples belonged to T4 (4/

5, 80%) and T15 (1/5, 20%) genotypes (Table 1).

Sequenced samples and obtained sequences from Gen-

Bank database were used for phylogenetic tree construc-

tion. The 5 sequences of the current study were clustered

within the genotype T4 (4/5) and T15 (1/5) with 78 and

99% bootstrap support, respectively (Fig. 4).

Discussion

Free-living amoeba including Acanthamoeba spp. that are

scattered everywhere, are more considered and investigated

in recent years. This is due to the pathogenicity of these

parasites in human (Todd et al. 2015). Increasing of

immunocompromised individuals in societies and also

more dealing with people with sources of mentioned pro-

tozoan, led to report in more cases of this opportunistic

parasite in the world, including Iran (Marciano-Cabral and

Cabral 2003; Nazar et al. 2011). One of the most known

diseases related to Acanthamoeba in Iran is AK that is due

to poor hygiene in contact lens users. It was showed that

Fig. 1 Map showing the region

of sampling, Gorgan County,

the capital of Golestan Province

in north of Iran
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the cases of AK are increasing in the country (Niyyati and

Rezaeian 2015). Recreational water, as an important

habitat of Acanthamoeba spp. are very frequent in the

studied region (Gorgan County) and many tourists attract

to these places every year. Therefore, evaluation of

potential risk of these waters for people should be more

considered by health authorities. The current study evalu-

ated the presence of Acanthamoeba spp. in park pounds

and square water in Gorgan County and parasite was

detected from 26.6% of analysed water samples. Of the five

Acanthamoeba detected by molecular methods in this

study, 4 samples belonged to T4 genotype and only one

sample detected as T15 genotype. As the previous studies,

T4 is showed as the most prevalent genotype in environ-

mental in the world including Iran (Niyyati and Rezaeian

2015; Wagner et al. 2016). As with previous studies, in the

current study, T4 and T15 genotypes were reported as the

only genotypes isolated in water sources (Niyyati et al.

2012; Montalbano Di Filippo et al. 2015). Many studies

were stressed out on free-living amoeba in Iran and pres-

ence of these amoebas were showed in hot spring (Solgi

et al. 2012a, b), recreational pool (Niyyati et al. 2016a, b),

and even drink water sources (Niyyati et al. 2015). Due to

the pathogenicity of this genotype, infectivity risk with this

genotype should be reminded for people. Thermo-tolerance

test indicated the surviving of the parasite in 37 �C and

42 �C. whoever; growing of parasite in more temperatures

and even in hot springs had been indicated before (Solgi

et al. 2012a, b). Phylogenetic analysis showed the genomic

identical in T4 and T15 genotypes of the current study with

the sequences of genotypes deposited in GenBank. To the

author knowledge’s, this study was the first to evaluate the

recreational water for the presence of Acanthamoeba spp.

in Gorgan, the capital of Golestan Province. But there are

its limitations, the most noticeable limitation is restriction

of sampling to only park pound and square waters. While,

pool and tap water sources that people are more dealing

with them, could be considered in the future studies. The

findings showed the contamination of recreational water

with this parasite and presence of pathogenic genotype in

these water sources. The tourists are potentially at risk for

parasite in these recreational areas. Due to frequent activ-

ities of human in these areas, the presence of Acan-

thamoeba could be hazardous for native and tourist people.

Fig. 2 Light microscopy image

of Acanthamoeba trophozoite

(a) and cyst (b) in non-nutrient

agar. Note: Each micrometre

division cover 2 lm in final

magnification 9 400

Fig. 3 Agarose gel separation of representative PCR products of the

18 s rRNA gene. Lane 1–5, positive isolates; NC negative control,

DNA ladder 100 bp

Table 1 The results of PCR, culture and sequenced samples isolated

from park pounds and square water sources in Gorgan County, North

Iran

Code Source Culture/PCR Genotype Accession number

S1 Park ponds ?/? T4 KX870199

S2 Park ponds ?/? T4 KX870200

S3 Square ?/? T4 KX870201

S4 Square ?/- – –

S5 Square ?/- – –

S6 Square ?/- – –

S7 Square ?/? T4 KX870202

S8 Square ?/? T15 KX870203
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Conclusions

The presence of Acanthamoeba in recreational water in the

Gorgan County is an alarm for health authorities. Since the

attractiveness of recreational places for people is increas-

ing, the potential risk of this water should be monitored

routinely in each region. More studies are needed to better

evaluate the risk of this ubiquitous parasite for the human.
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