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Abstract

mineral waters, contact lens solutions, soil etc.

tries.

Background: Acanthamoeba spp. is a free-living opportunistic protozoan parasites, which can be found in tap, fresh and bottled

Objectives: The present study is aimed to determine the Acanthamoeba spp. on the basis of their morpho-molecular aspects in
different water sources of the West Azerbaijan province, Northwest of Iran.

Methods: In this cross-sectional study, 60 water samples were collected from rivers and tap waters during June to September 2015.
The water samples were filtered through a cellulose nitrate filter and cultured on non-nutrient agar medium. The extracted DNAs
were amplified and some ampliqons were sequenced using partial 18S rRNA for genotyping and phylogenetic analyses.

Results: Twenty-seven (45%) out of 60 water samples were positive to Acanthamoeba spp. using both culture and morphological
examinations. In addition, 24 (40%) out of 27 positive samples in culture method were confirmed by PCR to be Acanthamoeba spp.
Conclusions: A relatively high prevalence of Acanthamoeba spp. in rivers reflects a risk alert for threatening human health in the
region. However, well hygienic status of the tap waters considering Acanthamoeba spp. cannot be ignored in western co-border
regions of Iran-Iraq. This study can also serve as a platform for further explorations of water sources in Iran and neighboring coun-

Keywords: West Azerbaijan, Water resources, PCR, Iran, Acanthamoeba

1. Background

Free-living amoebae (FLA), from the genera of Acan-
thamoeba, Balamuthia and Naegleria can be found all
around the world (1). Acanthamoeba spp., are opportunis-
tic protozoan parasites that can be isolated from the wide
variety of environments such as tap, fresh, coastal, bottled
mineral waters, contact lens solutions, eyewash stations,
soil, dust, sewage, ventilators and air-conditioning units
(1-4). Some species of Acanthamoeba have direct roles as
opportunistic human pathogens causing amoebic kerati-
tis, especially in contact lens wearers and life-threatening
granulomatous amoebic encephalitis (GAE) in immuno-
suppressed/compromised patients, such as HIV/AIDS and
organ transplant recipients (5). It is shown that more
than 80% of the normal human population has antibodies

against Acanthamoeba in their body. This is clearly indica-
tive of that the organism often comes into contact with hu-
mans (6, 7).

Acanthamoeba has two forms in its life cycle, active
trophozoites and resistant cysts. The double-layered coats
of cysts enable resistance against disinfectants, such as
chlorine compounds and antibiotics. Moreover, it can sur-
vive in a wide range of temperature variations,-2°C to 45°C
(5, 8). Based on the 18S rRNA gene sequences, the genus
Acanthamoeba is classified into 17 different genotypes (T1
- T17). The majority (90%) of infection-causing isolates be-
long to the T4 genotype (9, 10) and more than ninety per-
cent (> 90%) of the Acanthamoeba isolates that produce
keratitis belong to the T3 and T4 genotypes (11, 12). Of the
genotypes (T4, T3, and T2) associated with Acanthamoeba
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keratitis (AK), T2 and T4 have been reported in Iran’s water
(10,13).

The different species of Acanthamoeba are classified
based on the size of cysts and the numbers of arms into the
three distinct morphological groups (I, I1, and III); group I:
with an average diameter of cysts > 18 um, fewer than six
arms and smooth ectocyst and star shape endocysts, group
II: it is possible for the ectocyst and endocyst to be close to-
gether or widely separated, ectocysts may be thick or thin
and endocysts may be polygonal, triangular or round with
amean diameter of less than 18 yum, group III: ectocysts are
thin and endocysts may have 3 - 5 blunt corners with the
mean cyst diameter of < 18 um (9, 14, 15). In recent years,
remarkable focus has been dedicated to Acanthamoeba due
to (i) increasing Acanthamoeba infections, (ii) the potential
role of Acanthamoeba in the ecosystem, (iii) model organ-
ism to study the molecular biology of motility and phago-
cytosis resemblance to macrophages and (iv) being a host
or reservoir for microbial pathogens (15).

2. Objectives

Although several studies have been accomplished on
molecular characterization of Acanthamoeba spp. in differ-
ent regions of Iran (16, 17) there is no similar research that
has been done in the our study area, therefore, informa-
tion on the occurrence and distribution of Acanthamoeba
spp. in environmental and drinking water in West Azer-
baijan province remains unclear. The aim of the present
study was to determine the epidemiological status of Acan-
thamoeba spp. based on their molecular and morpho-
metric features in water sources of the West Azerbaijan
province, northwest Iran.

3. Methods

3.1. Study Area

In this cross-sectional study, 60 water samples were col-
lected during June to September 2015 from river sources
and tap water in the southern parts of the West Azerbai-
jan province. The water samples were collected from differ-
ent parts of Simineh Rud (28 samples) and Zarineh Rud (16
samples), the two main rivers located in the West Azerbai-
jan province, as well as from the tap waters of the cities of
Boukan (four samples), Shahindezh (four samples), Mian-
doab (four samples) and Mahabad (four samples) (Figure
1).

At the time of sampling, free residual chlorine was
measured by the Cl D.P.D Amcor test Kit (HACH, Germany).
Each sample (1000 mL) was filled in a sterile glass bottle

and transferred immediately to the Parasitology Depart-
ment of Tabriz University of Medical Sciences, Iran, within
24 hours, in room temperature and stored at the same tem-
perature for subsequent analysis.

3.2. Acanthamoeba spp. Isolation and Measurement

All volume of each water sample (1 liter) was passed
through a cellulose nitrate filter, 0.42 pym in diameter
(Millipore, Germany) with a weak vacuum (flow rate, 1.3
mL/minute). The samples were divided into two parts and
filtered separately using a filtration system. One of the
filters was placed directly on the culture medium (1.5%
non-nutrient agar plates) and the other was shaken in
Page’s Amoeba Saline and then the resulting solution was
centrifuged for 10 minutes at 500 rpm. The sediments
were cultured on 1.5% non-nutrient agar (Merck, Germany)
plates seeded with heat-killed Escherichia coli and then in-
cubated at 37°C for up to 14 days. During the incubation
period, the amoebic growth was examined by inverted mi-
croscope (Olympus, Japan) on a daily basis. The positive
amoebic growth cultures were examined based on mor-
phological characteristics for the presence of trophozoites
and cysts, particularly considering their two-layered cell
wall cysts.

Isolated Acanthamoeba spp. were transferred into ax-
enic culture, peptone yeast extract glucose broth (PYG)
(Sigma-Aldrich, USA) [0.75% proteose peptone (wtfvol),
0.75% yeast extract (wt/vol), and 1.5% glucose (wt/vol)]. The
identification of Acanthamoeba at the genus level was per-
formed according to the distinctive features of double-
walled cysts. Microscopic slides were prepared from pos-
itive cultures and stained by Giemsa’s staining method as
followed: the fixed smear was immersed in Giemsa (Merck,
Germany) solution (1: 45 mL of dH,O) in a staining con-
tainer for 60 minutes. The slide was then rinsed with dH20
(dried at 37°C for 60 minutes) and studied under light mi-
croscope (BH-2, Olympus Corporation, Japan) using 100X
objective with scale bar. The diameter of the cysts and the
numbers of arms were recorded and classified based on
the Pussard and Pons classification (18). Different charac-
ters of cysts were measured by ocular micrometer, which
were previously calculated by dividing ocular microme-
ter to stage micrometer (100 X objective =1 ym per unit
space).

3.3. DNA Extraction

DNA extraction kit (Takapou Zist, Iran) was used to ex-
tract the total genomic DNA in the concentrated debris ac-
cording to the kit protocol. The purity of extracted DNA
from each sample was determined by the NanoDrop (ND-
1000, Termo Fisher Scientific, USA) in the wavelength of
260 nm.
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Figure 1. Map of Iran Presenting Study Locations in West Azerbaijan Province, Northwest Iran Where Located With Co Border of Iraq Country

3.4. Polymerase Chain Reaction

A pair of primers (JDP-JDP2); ]DPL 5-
GGCCCAGATCGTTTACCGTGAA-3’ and  ]DP2: 5-
TCTCACAAGCTGCTAGGGGAGTCA-3’ was used to amplify a
fragment of approximately 500 bp Acanthamoeba genus-
specific 18S ribosomal DNA (19, 20). PCR was performed
in a 30 pL volume reaction mixer containing 1.25 U of Taq
DNA polymerase (Cinnagen, Iran), 2 uL of template DNA
and 0.3 mM dNTP, 20 pmol of each primer, 1.5 mM MgCl,
and 10 mM PCR buffer. PCR was performed using an initial
denaturation condition for 3 minutes at 94°C, 32 amplifi-
cation cycles (denaturing 94°C for 45 s, annealing at 55°C
for 35 s, and extension at 72°C for 1 minute) and a final
elongation step for 10 minutes at 72°C. The PCR products
were fractionated by gel electrophoresis on 2% agarose gel
that the DNA Safe stain (Invitrogen, UK) has added to the
gel solution during preparation and the ampliqons were
visualized under UV light in a transilluminator device.

3.5.18S rRNA Sequencing and Phylogenetic Analysis

In this study, in order to get the genotyping and phylo-
genetic analysis, the Genetic Analyzer 3130 ABI sequenced
14 isolates of Acanthamoeba. Ambiguous (heterozygous)
sites were coded using the standard IUPAC codes for com-
binations of two or more bases. Contigs from all samples
were aligned and edited in consensus positions compared
to GenBank sequences of all regional species using the Se-
quencher Tmv.4.1.4 software for PC (Gene Codes Corpora-
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tion). The MEGA 5.05 software and maximum likelihood al-
gorithm with kimura 2-parameter model for phylogenetic
analysis were used. The accuracy of phylogenetic tree was
evaluated by 1000 bootstrap re-sampling.

4. Results

The mean concentration of free residual chlorine was
about 0.3 -1 mgjLiter. Based on the morphological identi-
fication, 27 (45%) out of 60 collected water samples were
positive to Acanthamoeba spp. using both culture and mor-
phological examinations. Based on Pussard and Pon’s cri-
teria (18), 19 cases belonged to group II (70.4%) and 8 cases
were members of group I11(29.6%). It should be mentioned
that co-infections with both groups was identified in one
sample. The ranges of identified cysts diameters were mea-
sured11.1£1.02t016.4 = 4.76 um (Table 1). Giemsa staining
method was used for morphological study (Figure 2). All of
the positive samples were from the rivers and the amoeba
was not observed in the any of the tap water samples. PCR
was performed using JDP1 and JDP2 primers for small sub-
unit ribosomal DNA and detected approximately 500 bp
band on agarose gel for all positive isolates. Fifteen of the
positive PCR samples (53.5%) were taken from Simineh Rud
river and nine samples (56.5%) were taken from Zarineh
Rud river. There was no positive sample in the studied tap
water samples (Table 2).

In phylogenic analysis, 14 out of 24 ampliqons were se-
quenced which among them, only 13 sequences (shown in
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Figure 2. Acanthamoeba Cysts in Primary Morphology Assessment by Giemsa Staining (x100)

Table 1) were explicitly identified as T4 genotype and one
sequence was identified as T5. Twelve out of 13 sequences
have common haplotypes (AZE1-AZE3: Figure 3) compared
to reference isolate and only one sequence has new hap-
lotype (Buk 11, Accession no. KP940446) which in position
101, T(Thymine)was replaced by C(Cytosine). Hartmannella
spp. (KF697197) was considered as a group branch in draw-
ing the phylogeny tree (Figure 4).

5. Discussion

This study indicated relatively high prevalence of Acan-
thamoeba spp. (T4) with different morphometric aspects
but no more heterogeneity traits in rivers of West Azerbai-
jan, Northwest Iran. The high percentage of Acanthamoeba
spp., in different environmental sources represents a san-
itary risk for public health, particularly contact lens users
and immunocompromised/suppressed patients (21).

In the present study, Acanthamoeba spp. was isolated
in 45% of cultured samples, which amongst them, 88.8%
were confirmed by PCR. The difference between PCR and
culture method is probably due to other free living amoeba
cysts except Acanthamoeba spp. Based on the morphologi-
cal classification of Pussard and Pons (18), 18 cases of the
positive cultures were classified in group II, with the most
frequency in the world. Although, 8 positive cases were
members of group Il and one case from group I and group
II. The results of this study showed that none of the sam-
ples from tap water contain Acanthamoeba spp., which is
in contrast with some of the previous studies (4, 22). This
difference, maybe, resulted from the fact that the previous
studies collected their samples from a storage tank of wa-
ter while our samples were obtained directly from tap wa-
ter (4, 22).

Tap water is usually taken from a river or dam that it
is cleaned at a purification station, such as Rand Water's,
and then supplied via pipelines to taps. Therefore, it can
affect the Acanthamoeba trophozoites. Another study on
the water storage tanks in UK has shown that these wa-
ter supplies promote colonization of domestic water with
free-living amoebae, including Acanthamoeba, and there-
fore increases the risk of infection with the amoebae. This
accounts for the significantly greater incidence of Acan-
thamoeba infection in the UK and supports advice to avoid
using tap water in contact lens care routines (23).

In the present study, in tap water samples the mean
concentration of free residual chlorine was about 0.3 - 1
mg/L, which can be another reason that no Acanthamoeba
spp. was isolated from tap water samples. It has been re-
ported that the trophozoites of Acanthamoeba are sensitive
to free residual chlorine, while the cysts are resistant to
chlorine (24). On the other hand, in normal environments
such as chlorine-free water, the parasite lives as tropho-
zoite, however in frigid environments it forms cyst. In the
optimum water condition, Acanthamoeba lives as a tropho-
zoite since it is susceptible to chlorine. Therefore, it has
been conceived that the growth of Acanthamoeba in water
with chlorine is difficult. Given the fact that river water is
chlorine-free, rivers are a significant source of the organ-
ism. In the case of the river waters, we have isolated Acan-
thamoeba species from 27 out of 44 (45%) river water sam-
ples by cultivation and morphologic assessment; also, 24
samples(40%)were reconfirmed by the molecular method.
These results show that the contamination rate of river wa-
ter in this area is very high and it maybe a result from the
fact that these two rivers are exposed to air and soil, as
well as other infectious sources, such as sewage, wastew-
ater and feces of animals. These factors raise the contam-
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Figure 3. Nucleotide Sequence Alignment of 185 rRNA Gene Based on Detected Novel and Common Haplotypes in this Study Compared to Retrieved Sequences From GenBank
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Figure 4. Phylogenetic Tree of Acanthamoeba 18S rRNA Sequences From Surface Water of Northwest Iran and Other Previous Registered Sequences of Different areas Using ¢

Algorithm With Kimura 2 Parameter Model and 1000 Bootstrap resampling

ination rate in the river water sources. Therefore, the resi-
dents of these areas often have an indirect contact with the
Acanthamoeba infection.

In Iran, infections with Acanthamoeba spp. has in-
creased in recent years, mainly due to poor hygiene in con-
tact lens users (4). The ten-year study on patients with
amoebic keratitis has shown that the Acanthamoeba infec-
tion is continually rising in Iran (21). Niyyati et al., from
drinking and recreational water, reported Acanthamoeba
in 17 (25.4%) of the 67 collected samples in East Azerbaijan,
Northwest Iran. Most genotypes in this study were also re-
ported as T4 (25).

Bagheri et al. (2010) reported that half of their inves-
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tigated samples collected from cold and warm tap water
sources of hospitals in 13 cities of Iran were harboring Acan-
thamoeba spp. (4). In another study conducted by Hoosh-
yar et al. (2013), it is shown that 32 (80%) out of 40 water
samples collected from 20 stagnant waters in squares and
parks in different regions of Qazvin city, Iran, were posi-
tive for free living amoebas by the culture method. Simi-
lar to our findings, PCR reactions were positive in 14 (43.8%)
out of 32 culture samples (16). Maghsood et al. (2005) iso-
lated Acanthamoeba spp. from water samples by molecular
methods in different cities of Iran (10). In the study con-
ducted by Rezaeian et al. (2008), Acanthamoeba spp. have
been recovered from 58% collected samples from a variety


http://jjmicrobiol.com/

KhezriAetal.

Table 1. Morphological Observations of the Isolated Acanthamoeba spp. Amongst
Positive Samples on Non-Nutrient Agar Culture Media®

No. Region Cyst Diameter, 1m Groupb Culture PCR Genotype
1 Gharakand®'d 11 £ 1.02 1 + + T4
2 Amirabadd 142+ 0.82 it + +

3 Hamamiand wrt12 i + +

4 Hossinmamed 1214 0.99 it + +

5 Miandoab® 1.8 £ 1.01 1 + +

6 Kostehd 13 £ 1.01 il + + T4
7 Gharajozd 114095 I + +

8 Miandoab2d 152 1 1.08 1 + + T
9 Khankandi® 1B3+104 1l + + T4
10 Mlalar® 122 1.02 1l + + T4
1 Tazeghallad 142 £ 0.97 i + + T4
2 Akhtatard 123 £11 it + + T4
B Shahrikand? 15+ 0.89 1 + + T4
14 siminehd 123 +1.02 i} + + T4
15 Gogjali® 1B.4+137 1 + +

16 Gavmishgoli® 125 £ 0.96 1l + + T4
17 Ashigo]and 141413 i +

18 Gharaghshlagh® 16.4 £ 1.76 1l + + T4
19 Hajihassan® 1224088 il + +

20 Ghanzali® 174132 11 + + T4
21 Ghomghalad 124 + 097 i + + T4
22 Vosokandd 16.4 4 5.02 Il + +

23 Ghzljad 14.6 = 0.99 I + +

24 Darmand 22412 11 +

25 Kanikozalah® 3.4 +1.03 it + +

26 sardarabadd 1.6 £ 1.47 1 + + T4
27 Kanirashd 1+ 098 1 +

4Values are expressed as mean = SD.

bpyssard and Pons’ criteria (1977).

CBuk tisolate, Accession no. KP940446.

dsamples have been taken from Simineh Rud River
€samples have been taken from Zarineh Rud River

Table 2. Frequency of Acanthamoeba spp. Amongst Studied Water Samples

Source Culture Sample No PCR
Tap water 0 16 0
Simineh Rud 17 28 15
River
Zarineh Rud 10 16 9
Total (%) 27(45%) 60 24 (40%)

of ecological habitats such as tap water, soil and dust in
Tehran, Iran (21).

Acanthamoeba spp. has been detected in 3% of samples
taken from the James River in Virginia, USA (26). In the Pu-
san province, Korea, Acanthamoeba has been isolated from
5.8% of tap water samples (22). In Spain, Lorenzo-Morales
etal. (2005) reported that 59.5% of tap water samples were

harboring Acanthamoeba (8). The observed difference in
the prevalence of Acanthamoeba in tap water in different
countries might be due to the different water treatment
strategies or the accuracy of the water treatment system
in each country. In this study, no more new haplotypes
were found in analyzed isolates, this can be associated with
the structural features of 18S rRNA gene, which indicated
as a conserved nucleus marker and it’s to be diploid. The
findings of the present study provide the evidence for high
prevalence of Acanthamoeba spp. in rivers, which reflects a
risk alert for threatening human health in northwest Iran,
where placed with the co-border of Iraq country. In addi-
tion, a well hygienic status of tap water considering Acan-
thamoeba spp. cannot be ignored in the region. This study
can also serve as a platform for further explorations of wa-
ter sources in Iran.

Acknowledgments

The authors appreciate the staff of the department of
parasitology and microbiology of Tabriz University of Med-
ical Sciences for their help.

Footnotes

Authors’ Contribution: Study concept and design, Es-
maeel Fallah, Aram Khezri; molecular analysis, Mostafa
Mostafazadeh; analysis and interpretation of data, Ab-
bas Shahbazi, Mahmoud Mahami Oskouei, Taimuor Hazra-
tian; drafting of the manuscript, Aram Khezri; critical re-
vision of the manuscript for important intellectual con-
tent, Aram Khezri. All authors read and approved the final
manuscript.

Funding/Support: This work was supported fully by the
Tabriz immunology research center, Tabriz University of
Medical Sciences, Tabriz Iran, (grant no: 92/91).

References

1. MagnetA, Galvan AL, Fenoy S, Izquierdo F, Rueda C, Fernandez Vadillo
C, et al. Molecular characterization of Acanthamoeba isolated in wa-
ter treatment plants and comparison with clinical isolates. Para-
sitol Res. 2012;111(1):383-92. doi: 10.1007/s00436-012-2849-2. [PubMed:
22395660].

2. Lorenzo-Morales ], Ortega-Rivas A, Martinez E, Khoubbane M, Arti-
gas P, Periago MV, et al. Acanthamoeba isolates belonging to T, T2,
T3, T4 and T7 genotypes from environmental freshwater samples
in the Nile Delta region, Egypt. Acta Trop. 2006;100(1-2):63-9. doi:
10.1016(j.actatropica.2006.09.008. [PubMed: 17078918].

3. Chen CJ],Yu MW, Liaw YF. Epidemiological characteristics and risk fac-
tors of hepatocellular carcinoma. | Gastroenterol Hepatol. 1997;12(9-
10):5294-308. [PubMed: 9407350].

4. Bagheri H, Shafiei R, Shafiei F, Sajjadi S. Isolation of acanthamoeba
spp. From drinking waters in several hospitals of iran. Iran ] Parasitol.
2010;5(2):19-25. [PubMed: 22347240].

Jundishapur ] Microbiol. 2016; 9(11):e38481.


http://dx.doi.org/10.1007/s00436-012-2849-2
http://www.ncbi.nlm.nih.gov/pubmed/22395660
http://dx.doi.org/10.1016/j.actatropica.2006.09.008
http://www.ncbi.nlm.nih.gov/pubmed/17078918
http://www.ncbi.nlm.nih.gov/pubmed/9407350
http://www.ncbi.nlm.nih.gov/pubmed/22347240
http://jjmicrobiol.com/

KhezriAetal.

10.

1.

13.

14.

. Huang SW, Hsu BM. Isolation and identification of Acanthamoeba

from Taiwan spring recreation areas using culture enrich-
ment combined with PCR. Acta Trop. 2010;115(3):282-7. doi:
10.1016/j.actatropica.2010.04.012. [PubMed: 20434423].

. Ashford JW, Coburn KL, Fuster JM. The elgiloy microelectrode:

fabrication techniques and characteristics. | Neurosci Methods.
1985;14(4):247-52. [PubMed: 4058056].

. Chappell CL, Wright JA, Coletta M, Newsome AL. Standardized

method of measuring acanthamoeba antibodies in sera from healthy
human subjects. Clin Diagn Lab Immunol. 2001;8(4):724-30. doi:
10.1172/JC1109018. [PubMed: 96134].

. Lorenzo-Morales ], Ortega-Rivas A, Foronda P, Martinez E, Valladares

B. Isolation and identification of pathogenic Acanthamoeba strains
in Tenerife, Canary Islands, Spain from water sources. Parasitol
Res. 2005;95(4):273-7. doi: 10.1007/s00436-005-1301-2. [PubMed:
15678350].

. Khan NA. Acanthamoeba: biology and increasing importance in hu-

man health. FEMS Microbiol Rev. 2006;30(4):564-95. doi: 10.1111/j.1574-
6976.2006.00023.X. [PubMed: 16774587].

Maghsood AH, Sissons |, Rezaian M, Nolder D, Warhurst D, Khan NA.
Acanthamoeba genotype T4 from the UK and Iran and isolation of the
T2 genotype from clinical isolates. | Med Microbiol. 2005;54(Pt 8):755-
9. doi: 10.1099/jmm.0.45970-0. [PubMed: 16014429].

Schuster FL, Visvesvara GS. Free-living amoebae as opportunistic and
non-opportunistic pathogens of humans and animals. Int | Para-
sitol. 2004;34(9):1001-27. doi: 10.1016/j.ijpara.2004.06.004. [PubMed:
15313128].

. Stothard DR, Schroeder-Diedrich JM, Awwad MH, Gast R], Ledee DR,

Rodriguez-Zaragoza S, et al. The evolutionary history of the genus
Acanthamoeba and the identification of eight new 18S rRNA gene
sequence types. | Eukaryot Microbiol. 1998;45(1):45-54. [PubMed:
9495032].

Niyyati M, Lorenzo-Morales |, Rezaie S, Rahimi F, Mohebali M, Magh-
sood AH, et al. Genotyping of Acanthamoeba isolates from clinical
and environmental specimens in Iran. Exp Parasitol. 2009;121(3):242-
5.doi: 10.1016/j.exppara.2008.11.003. [PubMed: 19059239].

Pussard M, Pons R. Morphology of cystic wall and taxonomy of genus
Acanthamoeba (Protozoa, Amoebida). Protistologica. 1977;13(4):557-
98.

. Visvesvara GS, Moura H, Schuster FL. Pathogenic and opportunistic

free-living amoebae: Acanthamoeba spp., Balamuthia mandrillaris,
Naegleria fowleri, and Sappinia diploidea. FEMS Immunol Med Micro-

Jundishapur ] Microbiol. 2016; 9(11):e38481.

20.

21

22.

23.

24.

25.

26.

biol. 2007;50(1):1-26. doi: 10.1111/j.1574-695X.2007.00232.X. [PubMed:
17428307].

. Hooshyar H, Hosseinbigi B, Saraei M, Alizadeh S, Eftakhar M, Rasti S, et

al. Genotyping of acanthamoeba isolated from surface and stagnant
waters of qazvin, central iran. Iran Red Crescent Med . 2013;15(6):536-8.
doi: 10.5812ircmj.4121. [PubMed: 24349758].

. Nazar M, Haghighi A, Niyyati M, Eftekhar M, Tahvildar-Biderouni F,

Taghipour N, et al. Genotyping of Acanthamoeba isolated from water
in recreational areas of Tehran, Iran. | Water Health. 2011;9(3):603-8.
doi: 10.2166/wh.2011.152. [PubMed: 21976207].

. Page FC. Arevised classification of the Gymnamoebia (Protozoa: Sar-

codina). Zool ] Linn Soc. 1976;58(1):61-77.

. Booton GC, Visvesvara GS, Byers T, Kelly DJ, Fuerst PA. Identifica-

tion and distribution of Acanthamoeba species genotypes associated
with nonkeratitis infections. J Clin Microbiol. 2005;43(4):1689-93. doi:
10.1128JCM.43.4.1689-1693.2005. [PubMed: 15814986.

Boggild AK, Martin DS, Lee T, Yu B, Low DE. Laboratory diagnosis of
amoebic keratitis: comparison of four diagnostic methods for differ-
ent types of clinical specimens. ] Clin Microbiol. 2009;47(5):1314-8. doi:
10.1128/JCM.00173-09.

Rezaeian M, Niyyati M, Farnia SH, Haghi AM. Isolation of Acan-
thamoeba spp. from different environmental sources. Iranian | Para-
sitol. 2008;3(1):44-7.

Jeong HJ, Yu HS. The role of domestic tap water in Acanthamoeba con-
tamination in contact lens storage cases in Korea. Korean J Parasitol.
2005;43(2):47-50. [PubMed: 15951638].

Kilvington S, Gray T, Dart |, Morlet N, Beeching JR, Frazer DG, et al.
Acanthamoeba keratitis: the role of domestic tap water contamina-
tion in the United Kingdom. Invest Ophthalmol Vis Sci. 2004;45(1):165-
9. [PubMed: 14691169].

Joslin CE, Tu EY, McMahon TT, Passaro D], Stayner LT, Sugar ]. Epi-
demiological characteristics of a Chicago-area Acanthamoeba
keratitis outbreak. Am | Ophthalmol.  2006;142(2):212-7. doi:
10.1016/j.2j0.2006.04.034. [PubMed: 16876498].

Behniafar H, Niyyati M, Lasjerdi Z. Molecular Characterization of
Pathogenic Acanthamoeba Isolated from Drinking and Recreational
water in East Azerbaijan, Northwest Iran. Environ Health Insights.
2015;9:7-12. doi: 10.4137/EHL.S27811. [PubMed: 26157334].

Ettinger MR, Webb SR, Harris SA, McIninch SP, C. Garman G, Brown BL.
Distribution of free-living amoebae in James River, Virginia, USA. Par-
asitol Res. 2003;89(1):6-15. doi: 10.1007/s00436-002-0707-3. [PubMed:
12474037].


http://dx.doi.org/10.1016/j.actatropica.2010.04.012
http://www.ncbi.nlm.nih.gov/pubmed/20434423
http://www.ncbi.nlm.nih.gov/pubmed/4058056
http://dx.doi.org/10.1172/JCI109018
http://www.ncbi.nlm.nih.gov/pubmed/96134
http://dx.doi.org/10.1007/s00436-005-1301-2
http://www.ncbi.nlm.nih.gov/pubmed/15678350
http://dx.doi.org/10.1111/j.1574-6976.2006.00023.x
http://dx.doi.org/10.1111/j.1574-6976.2006.00023.x
http://www.ncbi.nlm.nih.gov/pubmed/16774587
http://dx.doi.org/10.1099/jmm.0.45970-0
http://www.ncbi.nlm.nih.gov/pubmed/16014429
http://dx.doi.org/10.1016/j.ijpara.2004.06.004
http://www.ncbi.nlm.nih.gov/pubmed/15313128
http://www.ncbi.nlm.nih.gov/pubmed/9495032
http://dx.doi.org/10.1016/j.exppara.2008.11.003
http://www.ncbi.nlm.nih.gov/pubmed/19059239
http://dx.doi.org/10.1111/j.1574-695X.2007.00232.x
http://www.ncbi.nlm.nih.gov/pubmed/17428307
http://dx.doi.org/10.5812/ircmj.4121
http://www.ncbi.nlm.nih.gov/pubmed/24349758
http://dx.doi.org/10.2166/wh.2011.152
http://www.ncbi.nlm.nih.gov/pubmed/21976207
http://dx.doi.org/10.1128/JCM.43.4.1689-1693.2005
http://www.ncbi.nlm.nih.gov/pubmed/15814986
http://dx.doi.org/10.1128/JCM.00173-09
http://www.ncbi.nlm.nih.gov/pubmed/15951638
http://www.ncbi.nlm.nih.gov/pubmed/14691169
http://dx.doi.org/10.1016/j.ajo.2006.04.034
http://www.ncbi.nlm.nih.gov/pubmed/16876498
http://dx.doi.org/10.4137/EHI.S27811
http://www.ncbi.nlm.nih.gov/pubmed/26157334
http://dx.doi.org/10.1007/s00436-002-0707-3
http://www.ncbi.nlm.nih.gov/pubmed/12474037
http://jjmicrobiol.com/

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Area
	Figure 1

	3.2. Acanthamoeba spp. Isolation and Measurement
	3.3. DNA Extraction
	3.4. Polymerase Chain Reaction
	3.5. 18S rRNA Sequencing and Phylogenetic Analysis

	4. Results
	Table 1
	Table 2
	Figure 2
	Figure 3
	Figure 4

	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution
	Funding/Support

	References

