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ABSTRACT
This study was conducted to address the distribution of Acanthamoeba genotypes in therapeutic hot
springs in Iran. Sixty water and sediment samples were collected from bicarbonate, sulphur, and
sodium chloride thermal springs in the northwest. All hot springs examined are used mainly for
health purposes in Iran. Acanthamoeba were identiﬁed by both morphology and PCR (polymerase
chain reaction). Genotype identiﬁcation was based on the sequencing of a highly variable and
informative region of Diagnostic Fragment 3 (stem 29–1 of 18S rRNA gene) within Acanthamoebaspeciﬁc amplimer (ASA.S1). Twenty percent of hot springs were contaminated with thermotolerant
Acanthamoeba belonging to the potentially pathogenic T4 and T3 genotypes. A high number (91.7%)
W

W

of strains showed growth at 37 C, and eight isolates showed growth at 42 C. A single isolate
(HSNW2) was detected in waters at 70 C. The presence of thermotolerant Acanthamoeba highlights
W

a risk factor for susceptible individuals, as Acanthamoeba-related keratitis continues to rise in Iran.
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Periodic surveillance of thermal waters as well as improved ﬁltration and disinfection is
recommended to prevent disease related to pathogenic Acanthamoeba. This is the ﬁrst
comprehensive molecular study of Acanthamoeba genotypes in hot springs in Iran and the ﬁrst to
report the occurrence of the T3 genotype (corresponding to Acanthamoeba grifﬁni) in thermal water
sources in this country.
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INTRODUCTION
Free-living amoebae (FLA) include opportunistic protozo-

pH, osmolarity, and temperature (Khan ). Therefore

ans

fatal

thermal waters including jacuzzis, hot tubs, and hot springs

encephalitis, meningoencephalitis, and painful keratitis

may be favourable habitats for pathogenic Acanthamoeba

(Marciano-Cabral & Cabral ; Visvesvara et al. ).

strains (Lekkla et al. ; Gianinazzi et al. ; Huang

Among many taxa of FLA, Acanthamoeba, with 17 ident-

& Hsu ). Acanthamoeba may also be a suitable carrier

iﬁed genotypes (T1-T17), is ubiquitous in aquatic habitats

for

(Khan ; Nuprasert et al. ). Acanthamoeba has wide-

(Thomas et al. ).

that

can

cause

severe disease,

including

pathogenic

microorganisms

such

as

Legionella

spread distribution in lakes, ponds, streams, hydrotherapy

Reports of FLA-related keratitis have become more fre-

pools, thermally polluted waters, ocean sediments, and

quent in Iran during recent decades due mainly to

coastal waters (Kilvington et al. ; Khan ; Mar-

increasing number of contact lens wearers and insufﬁcient

ciano-Cabral et al. ). These amoebae, especially those

education regarding lens maintenance (Maghsood et al.

with more pathogenic potential, can tolerate extremes of

; Niyyati et al. ). Summer produces higher
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MATERIAL AND METHODS

water-related

activities.

Geographical information of Ardebil Province

Acanthamoeba belonging to various genotypes, including T2, T3, T4 and T11, have been found to be the leading

Ardebil Province is located in northwestern Iran (Figure 1).

cause of AK in Iran (Maghsood et al. ; Niyyati et al.

The area has a cold climate throughout the year and the

). Other FLA, such as Vahlkampﬁa, have also been

average temperature is 15 C. However, it attracts many

found to be an agent of keratitis in this region. However,

tourists due to the presence of as many as 30 natural and

since the latter reported case exhibited both the Acantha-

man-made hot springs and spas serving recreational and

moeba T3 genotype and Vahlkampﬁa, the causality is not

health purposes, depending on chemical composition (bicar-

clear (Niyyati et al. ). There have been no reports of

bonate, sodium chloride, and sulphur springs) and mineral

other human disease associated with FLA in Iran. Thus,

concentration. Nearly all hot springs are used for health pur-

there is an urgent need for more comprehensive research

poses for various diseases including skeletal and skin

regarding these potentially pathogenic FLA.

disorders. The water of some of these hot springs is ingested

Mineral waters and hot springs are popular for recrea-

W

as a treatment for gastrointestinal disorders.

tion and therapeutic purposes worldwide (Brown et al.
; Rivera et al. ; Kuroki et al. ; Sukthana et al.
; Hsu et al. ; Huang & Hsu ). Hot springs
and mineral waters are frequently accessed as supportive
treatment of arthritis, skeletal disorders, and gastrointestinal
disorders. Chemical composition and mineral concentration
deﬁne the speciﬁc properties of various hot springs (Chou
).
Ardebil Province in the northwest of the country is a
region of natural and man-made hot springs and spas,
attracting seven million tourists annually (Mahdizadeh &
Panjaliasl ). Most hot springs are natural hot water systems without ﬁltration; therefore the occurrence of
thermotolerant Acanthamoeba spp. is likely. Indeed, cases
of keratitis after using thermal water have increased in this
region (Mahdizadeh & Panjaliasl ).

Sample collection and water analysis
Sixty samples were collected from surface water (<10 cm
below) (30) and sediments (30) of natural and man-made
hot springs in cities in Ardebil Province (Figure 1). Thirteen
bicarbonate springs, 6 sodium chloride, and 11 sulphur springs
were examined for the presence of Acanthamoeba spp. All hot
springs included are used for both recreation and for therapeutic purposes. Brieﬂy, 500–1,000 ml of water was placed
into sterile bottles and transported to the Department of Parasitology and Mycology, School of Medicine, Shahid Beheshti
University of Medical Sciences, Iran. Sediments were also
obtained from the bottom of each spring. Water temperature
and pH were measured in situ using a portable pH meter.

The extent to which Acanthamoeba spp. are present in
water including waterfalls, ponds, and cold streams in Iran

Processing of the samples and culture method

and worldwide has been previously reported (Tsvetkova
et al. ; Maghsood et al. ; Niyyati et al. ; Mar-

Samples were ﬁrst thoroughly stirred and ﬁltered using cel-

ciano Cabral et al. ). In Iran, a single study has shown

lulose nitrate membranes with a 1.2 μm pore size. Three

the presence of FLA in hot springs identiﬁed mainly from a

cultures of each sample were performed. The ﬁlters were

morphological study (Badirzadeh et al. ). However, no

transferred onto 1% non-nutrient agar plates overlaid with

comprehensive information on the presence of Acantha-

autoclaved Escherichia coli. All plates were sealed and the

moeba genotypes in hot springs of Iran is available. The

three plates per sample were incubated at 30, 37, or 42 C

major aim of the present study was to determine the pres-

for 30 days. Microscopic detection of amoebae was con-

ence of Acanthamoeba genotypes in hot springs, using a

ducted according to Page’s key using inverted microscopy

culture enrichment method and Acanthamoeba-speciﬁc

(Page ). Cloning of positive plates was done by single

amplimer (ASA.S1) sequencing.

cell dilution in order to eliminate bacterial and fungal
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Map showing Ardebil Province in northwestern Iran, the investigated cities are shown (right) (Created by Arc GIS version 9.3).

contamination according to previous studies (Lorenzo-

Biorad) according to manufacturer’s instruction with mini-

Morales et al. ).

mal modiﬁcations. Brieﬂy, approximately 103 cells were
incubated with 50 μl Chelex. Incubation was at 56 C for
W

Diagnostic Fragment 3 ampliﬁcation (stem 29–1 of 18S

20 min, followed by 10 min incubation in boiling water. A

rRNA gene) and gel electrophoresis

DNA pellet was obtained by centrifuging the samples at
10,000 g for 5 min and the supernatant was used as the

Amoebae were harvested from plates and washed using

DNA template for the polymerase chain reaction (PCR).

phosphate-buffered saline (PBS pH 7). Extraction of DNA

DNA extractions for some isolates with higher numbers of

was performed using the Instagene matrix (Chelex;

cysts were performed using a modiﬁed phenol-chloroform
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method according to our previous study (Niyyati et al. ;

(NCBI) webpage was used for the alignment of obtained

Lasjerdi et al. ).

sequences with genes archived in the gene data bank. The

The PCR mixture was performed in 30 μl Ampliqone

highest homology and query coverage was the base of geno-

(Taq DNA Polymerase Master Mix Red, Denmark) as a

type identiﬁcation. Nucleotide sequence accession numbers

ready-made solution. Brieﬂy, 25 μl of master mix with 5 ng

were deposited in the GenBank database (accession

DNA templates and 20 pmol primers were combined to

number: JN585806-JN585817). Comparison of a primary

achieve a volume of 30 μl. Genus-speciﬁc primer pairs

sequence alignment of a variable region of DF3 (stem 29–

(JDP1 and JDP2) were used to amplify a fragment of 18S

1 of 18S rRNA gene) of Acanthamoeba T4 and T3 strains

rRNA gene (Acanthamoeba-speciﬁc amplimer, ASA1) that

isolated from hot springs with two published subtypes of

contains a subset of nuclear small subunit ribosomal RNA

T4 (Accession number: GQ342609.1) and T3 (Accession

gene (Diagnostic Fragment 3) (Schroeder et al. ;

number: HM036185.1) were performed using MultAlin

Booton et al. ). Each PCR cycling condition included

software (http://multalin.toulouse.inra.fr/multalin/multalin.

W

35 cycles of denaturation at 94 C for 1 min, followed by
W

html) (Figure 2).

W

35 repetition cycles at 94 C for 35 s, annealing at 56 C
W

for 45 s, and extension at 72 C for 1 min.
Gel electrophoresis was conducted to fractionate PCR

RESULTS

products using 1.5% agarose gel stained with a solution of
ethidium bromide (25 mg ml1) and examined under ultra

The temperature and pH of hot springs were recorded as 32–

violet (UV) illumination.

70 C and 3.88–7.9, respectively (Table 1). Of 60 water and

W

sediment samples, 12 (20%) were positive for Acanthamoeba
Sequencing, genotype identiﬁcation, and multi-

spp. (Table 2) according to the morphological criteria of

alignment

double-walled cysts and the characteristic trophozoites. Positivity for outgrowth of Acanthamoeba spp. was observed in

PCR-products were subjected to sequencing using an ABI

33.3% of 30 water samples and in 6.6% of 30 sediments

3130X automatic sequencer at the Research Center for

samples. All Acanthamoeba isolates were successfully

Gastroenterology and Liver Diseases, Shahid Beheshti Uni-

cloned. Sequencing of the DF3 region (stem 29–1 of 18S

versity of Medical Sciences, Tehran. BLAST software from

rRNA gene) of PCR products revealed 10 (83.3%) isolates

the

belonging to the T4 genotype with a homology of 98–100%.

National

Figure 2

|

Center

for

Biotechnology

Information

Primary sequence alignment of a variable region of DF3 (stem 29–1 of 18S rRNA) of Acanthamoeba T4 and T3 strains isolated from hot springs and two published subtypes of T4
(Accession number: GQ342609.1) and T3 (Accession number: HM036185.1) using MultAlin software. The alignment shown is a subset of DF3 of 18S rRNA gene that contains the
highly variable and informative section of the gene. Gaps are represented as dashes.
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Location and distribution of Acanthamoeba genotypes in hot springs of northwestern Iran

Accession
number

Growth
at 42 C

Growth
at 37 C

Genotype

JN585806

þ

þ

T4

JN585813

þ

þ

T4

W

W

Max Identity/ query
coverage (%)

pH

Temp
( C)

Sample
type

Spring type

Locality

Code

99/100

6.8

43

Water

Bicarbonate

Sarein

HSaSW7

100/100

6.7

42

Water

Bicarbonate

Sarein

HSSW8

W

JN585814

þ

þ

T4

100/100

6.7

43

Sediment

Bicarbonate

Sarein

HSSS3

JN585810

þ

þ

T4

100/100

7.9

58

Water

Bicarbonate

Givi

HSGW2

JN585807

_

þ

T3 (A. grifﬁni)

JN585815

_

þ

T4

JN585816

_

_

T4

99/100

4.8

34

Water

Sulphur

Ardabil

HSAW7

JN585817

þ

þ

T4

100/100

4.8

34

Sediment

Sulphur

Ardabil

HSAS7

100/99

4.8

32

Water

Sulphur

Ardabil

HSAW2

98/99

4.3

34

Sediment

Sulphur

Ardabil

HSAS9

JN585812

_

þ

T4

100/100

3.88

34

Water

Sulphur

Ardabil

HSAW6

JN585808

þ

þ

T3 (A. grifﬁnii)

100/100

6.37

40

Water

Sodium
chloride

Nir

HSNW5

JN585809

þ

þ

T4

100/100

6.52

70

Water

Sodium
chloride

Nir

HSNW2

JN585811

þ

þ

T4

100/99

6.22

36

Water

Sodium
chloride

Meshkin
shahr

HSMW5

a

HS: Hot springs and their code.

Two (16.7%) isolates (HSNW5 and HSAW2) belonged to the

DISCUSSION

T3 genotype (Table 1). The latter corresponded to Acanthamoeba grifﬁni with identity of 99–100% (Accession number:

This is the ﬁrst comprehensive molecular study investigating

GQ905499.1 and AB594480.1). The percent identity and

the presence of Acanthamoeba spp. in water and sediments

query coverage between the obtained sequences and refer-

of hot springs accessed mainly for health purposes in Iran.

ence sequences in gene data banks are shown in Table 1.

The results revealed the presence of potentially pathogenic

A large proportion (91.7%) of strains showed growth at
W

W

37 C, and eight isolates showed growth at 42 C. A single

T3 and T4 genotypes chieﬂy in surface waters in comparison
to sediments (33.3% vs. 6.6%). This could be due to the

isolate (HSNW2) was detected in waters at 70 C and was

higher temperature of the bottom of springs or ﬂow and cir-

W

classiﬁed as the T4 genotype. As expected, results of DF3

culation

multi-alignment showed considerable difference (5% or

unfavourable for a high presence of Acanthamoeba in sedi-

more) between T4 and T3 genotypes. Sequences of the

ments. Both genotypes obtained have been reported as

highly variable and informative region of DF3 are shown

causal agents of Acanthamoeba-related infections in Iran

in Figure 2.

and worldwide (Ledee et al. ; Booton et al. ; Magh-

Table 2

|

Percent contamination of hot springs with Acanthamoeba spp. in northwestern
Iran

of

water

which

may

make

the

situation

sood et al. ; Niyyati et al. ). Previous research
revealed the presence of Acanthamoeba T2, T4, and T6 in
aquatic sources such as streams, ponds, waterfalls, and stag-

Number
Positivity N (%)

Spring type

Total of examined waters

Sulphur

11

5 (45.4)

Bicarbonate

13

4 (30.8)

Sodium chloride
Total

6

3 (50)

60

12 (20)
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to the present report, only one study showed the presence of
FLA in hot springs in one city of Ardebil province (Badirzadeh et al. ), and no comprehensive molecular research
regarding the distribution of Acanthamoeba genotypes in
hot springs had been done. This study reports, for the ﬁrst
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time, the T3 genotype (corresponding to A. grifﬁni) isolated

use of hot springs for health purposes is increasing, both

from water sources in Iran. In previous research on AK, T3

in this region and worldwide, contamination could lead to

was the second most frequent type identiﬁed as an agent of

increasing numbers of Acanthamoeba infections. Periodic

keratitis in this region (Niyyati et al. ). T3 corresponding

surveillance of recreational and therapeutic hot springs

to A. grifﬁni have also been reported as a cause of keratitis

and spas along with improved ﬁltration and disinfection is

worldwide (Booton et al. ). Recently, many cases of

recommended to prevent human disease related to patho-

AK report use of hot springs prior to onset of disease in

genic Acanthamoeba.

this region. Thus education of people, especially those in
the high risk category, is of the utmost importance. Our
study provided further evidence of the T4 type as the predominant environmental genotype in contrast to Huang &
Hsu () who reported the T15 genotype as the most frequently isolated strain in Taiwan hot springs. Hsu et al.
() also detected Acanthamoeba in 8.8% of mud spring
recreation areas. Classiﬁcation of these amoebae revealed
that they belonged to A. castellanii and A. polyphaga (Hsu
et al. ). Lekkla et al. () surveyed natural hot springs
of Thailand and observed 13% occurrence of Acanthamoeba spp. in a study using only morphological criteria.
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Acanthamoeba T4 genotype (HSNW2) was isolated from
W

hot spring water at very high temperatures (70 C), and
another strain (HSAW6) was present in acidic water with a
pH of 3.88 (Table 1). Previous research has demonstrated
that Acanthamoeba strains that tolerate high temperatures
and extremes of pH and osmolarity present greater pathogenic potential for humans and animals (Visvesvara et al.
; Khan ; Wannasan et al. ). It is believed that
this strain (HSNW2) is a potential pathogen for humans,
since it could tolerate very high water temperature. Growth
W

of this strain at both 37 and 42 C is another character of
the pathogenic potential of the isolated Acanthamoeba. It is
worth mentioning that the genotype of the mentioned strain
(HSNW2) belonged to the T4 type which is the predominant
pathogenic Acanthamoeba. This may be due to greater virulence of pathogenic strains under environmental stress,
possibly related to mechanisms such as secretions of heat
shock protein (HSP70) (Khan ). Further studies are
needed regarding other virulence factors. A large proportion
W

(91.7%) of isolates showed growth at 37 C. Eight isolates
W

also demonstrated growth at 42 C. Therefore we consider
that the isolates obtained could be pathogenic in humans,
and lead to human infections.
In conclusion, the present study highlights that hot
springs must be monitored by health authorities. As the
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