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Abstract Acanthamoeba spp. are free-living amoeba
found in a wide variety of natural habitats. The high per-
centage of the presence of Acanthamoeba in different
environmental sources represents a sanitary risk for public
health, especially immunocompromised patients and con-
tact lens wearers. Acanthamoeba can cause granulomatous
amoebic encephalitis, otitis, lung lesions, and skin infec-
tions in individuals with immune deficiencies. In the pre-
sent study, the status of contamination of water sources in
Isfahan, central Iran is analyzed through parasitological
method. Totally 93 samples were utilized consisting of 59
samples of tap water and 34 samples of environmental
water collected from Isfahan in May and June 2014. After
filtering, cultivation was done in non-nutrient agar med-
ium, and then the cultured media were kept at 25-30 °C.
The samples were analyzed based on the morphological
criteria. Acanthamoeba spp. were found in 25 (73.53 %)
out of 34 environmental water samples and 17 (28.8 %) out
of 59 tap water. Generally, Acanthamoeba spp. were found
in 42 (45.16 %) of the samples. The results of the present
study showed that the water contamination with Acan-
thamoeba spp. in different regions of Isfahan can be a
potential infection source for at high risk people. It could
be suggested that public education and precaution are quiet
necessary.
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Introduction

Acanthamoeba is an important genus of free-living amoe-
bae that has been commonly found in various water sources
such as drinking water, swimming pools, sea water, min-
eral water and thermally polluted waters. Acanthamoeba
spp., as an opportunistic pathogen, are among the major
colonizing pathogen for granulomatous amoebic
encephalitis (GAE) and a common infectious agent in
amoebic keratitis (AK) and immunocompromised hosts
such as AIDS patients (Siddiqui and Khan 2012; Trabelsi
et al. 2012). Acanthamoeba is a Trojan horse for
microorganisms such as Escherichia coli O157, Legionella
pneumophila, Coxiella burnetii, Helicobacter pylori, Ch-
lamydophila pneumoniae, Vibrio cholerae, Listeria mono-
cytogenes, Campylobacter jejuni, Mycobacterium leprae
and Pseudomonas aeruginosa (Axelsson-Olsson et al.
2005; Greub and Raoult 2004; Winiecka-Krusnell and
Linder 2001). Prevalence of Acanthamoeba is correlated
with the amount of organic matter present in the water, and
its frequency is high in sediments and biofilms, which
constitute ecological niches where they can feed on bac-
teria (Loret and Greub 2010). Two developmental stages of
Acanthamoeba species can be found in their life cycle
including a trophozoite stage that is vegetative and active
with a size of about 13-23 pum, and a resistant cyst with a
diameter about 13-23 pm (Siddiqui and Khan 2012). In
addition, morphological features of the trophozoite are
including the presence of spiny pseudopodia, called acan-
thopodia, and a large central karyosome in a vesicular
nucleus, and a prominent contractile vacuole in the
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cytoplasm with a double-walled wrinkled cyst made up of
an ectocyst and an endocyst. Cysts are resistant to antibi-
otics, chlorination, and biocides and survive in low tem-
peratures (Marciano-Cabral and Cabral 2003). Since the
importance of AK is increasing as a factor causing eye
infection worldwide (Lorenzo-Morales et al. 2015), and
due to the limited number of investigations, therefore,
information on the occurrence and distribution of Acan-
thamoeba genus in environmental and drinking water in
Isfahan province remains unclear. The aim of this study
was to determine the epidemiological status of Acan-
thamoeba spp. in Isfahan, Iran.

Materials and methods

In this cross-sectional study, tap water (domestic tap water
and public tap water) and environmental water (fountains)
were studied. Using the cluster sampling, Isfahan city was
divided into four clusters, and water samples were col-
lected from each cluster randomly. A total of 93 water
samples including 59 samples of drinking water (domestic
tap water and public tap water) and 32 samples of envi-
ronmental water were taken during May to June 2014
(Table 1). One liter of each water source transferred to the
Department of Parasitology, Isfahan University of Medical
Sciences. Isolation of Acanthamoeba spp. was done
through 0.45 pm pore-sized cellulose nitrate membranes

Table 1 Nnmber of samples taken from each cluster from Isfahan,
central Iran, 2014

Clusters TW-public TW-domestic Environmental water Total
CL 1 14 5 11 30
CL2 4 10 6 20
CL3 8 5 6 19
CL 4 9 4 11 24
Total 35 24 34 93

TW Tap water

(Sartorius Stedim Biotech GmbH 37070 Goettingen Ger-
many) (Rezaeian et al. 2008). The filters were immediately
placed on 1.5 % non-nutrient agar (NNA) medium and the
plates were sealed with Parafilm®, and were incubated at
25 °C for 2 months to have opportunity for growth of the
amoebae. (Rahdar et al. 2012), and they were daily eval-
uvated for growth of Acanthamoeba spp. Although, the
media were pre-prepared using Amoeba Page Saline
(0.04 mM CaCl,-6H,0, 1 mM KH,PO,, 2.5 mM NaCl,
0.02 mM MgSO,. 7TH,0, 0.5 mM Na,HPO, at PH 6.9).
The plates were covered with a layer of E. coli (ATCC
25922) to be nutritious environment for Acanthamoeba.
The final identification of samples was performed by using
Giemsa and Trichrome staining methods (Garcia and
Bruckner 1997) according to Page key (Page 1988).

Results

Acanthamoeba species were detected using parasitological
methods based on morphological keys (Fig. 1).

There were several Acanthamoeba spp. cysts and
trophozoite in 42 samples (45.16 %) based on parasito-
logical analyses of the amoeba growth from public tap
water, domestic tap water and environmental (Table 2).
The Acanthamoeba contamination rate in different water
sources in different sampling area in Isfahan city is avail-
able in Fig. 2.

Table 2 Prevalence of Acanthamoeba spp. in different water sources
in Isfahan, Iran

Water sources Acanthamoeba spp. Total
Positive N (%) Negative N (%)
Public (TW) 11 (31.43) 19 (67.57) 35
Domestic (TW) 6 (25) 18 (75) 24
Environmental 25 (73.53) 9 (26.47) 34
Total 42 (45.16) 51 (54.84) 93
C
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Fig. 1 a Acanthamoeba cyst X1000 (Giemsa stain), b Acanthamoeba cyst X100 (Trichrome stain), ¢ Acanthamoeba trophozoite X100

(Trichrome stain)
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Fig. 2 Acanthamoeba
contamination rate of different
water sources in Isfahan city

divided clusters in 2014 73.00%

CL1

Discussion

The results of this study showed that 42 samples out of 93
samples were contaminated by Acanthamoeba spp. In
addition, the environmental water contamination rate was
higher than that of drinking water. However, the contam-
ination in public drinking water was observed higher than
the residential drinking water. It should be noted that the
extensive distribution network and the old public drinking
water facilities may be are the factors. Given that the
environmental water exposure through air and soil and
other infectious sources, such as feces of birds and animals,
as well as lack of water treatment and replacement and
clean up too late are the factors that the contamination rate
raises in the sources. Total contamination rate in cluster 1
and 2 were more than the other clusters, maybe it’s because
they are old quarters with rusty distribution network. As the
studied drinking water sources showed fairly high rates of
contamination with the amoebae, and Acanthamoeba ker-
atitis is increasing due to the increase in the use of contact
lenses in developing countries in the recent years (Trabelsi
et al. 2012) and the public education about the problem
seems necessary. In addition, higher levels of public
drinking water contamination with Acanthamoeba can
cause corrosion in public drinking water distribution net-
works. The fact that public drinking water is more sus-
ceptible to be polluted by air and soil is not negligible,
because the soil and air are among the major sources of
Acanthamoeba (Trabelsi et al. 2012). Rahdar et al. (2012)
and Yaygmligi et al. (2012) reported 71.6 and 4.4 % of
contamination rate with Achantomoeba, respectively,
which are not close to the results of the present study.
Similarly, Bagheri et al. (2010) in Iran were showed that
Acanthamoeba spp. are present in 48 % of totals samples
collected from fourteen cities of Iran (Bagheri et al. 2010).
Also the contamination rate of drinking water with the
amoebae in Taiwan was reported 39.5 % in 2014 (Kao
et al. 2014). Furthermore, Winck et al. (2011), analysed
136 samples of tap water which showed lower contami-
nation rates compared with ours (Winck et al. 2011). Due
to the limitation in the sampling of drinking water in the
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public places, additional studies require with more sam-
ples. However, problems such as sampling, transportation
of the samples and expensive filtration are other limitations
in these kinds of studies. Due to the high rate of the con-
tamination, in Isfahan area, water can be regarded as the
potential infection source for at risk people, and using the
contaminated water to wash the eyes may put them at risk
of acquiring keratitis. Public education and precautions
about Acanthamoeba seems quiet necessary in Isfahan.
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