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Abstract An otherwise healthy 22-year-old man presented
with Acanthamoeba keratitis (AK) in the right eye. He was
not a contact lens wearer and had no history of corneal
trauma. The Acanthamoeba strain isolated from a corneal
scraping was identified as morphological group II and
genotype T4. Three more Acanthamoeba strains isolated
from sites of possible human contact with acanthamoebae
in the same geographical region, including a lens storage
case, tap water and soil, were subjected to morphological
and molecular biological identification. Whereas the strain
from tap water also exhibited genotype T4, the two other
isolates were identified as morphological group I and
genotype T9. To the best of our knowledge, this is the first
study identifying an AK-causing Acanthamoeba strain in
Turkey and the first isolation of genotype T9 in this
country.

Introduction

Acanthamoebae are potentially pathogenic free-living
amoebae (FLA) that are widely distributed in freshwater,
seawater, soil and the air and that can frequently be isolated
also from man-made habitats such as tap water, bottled
mineral water, laboratory distilled water wash bottles,
chlorinated swimming pools, sewage and contact lens
containers (De Jonckheere 1991; Kilvington and White
1994; Khan and Paget 2002). They can cause two different
disease entities, the so-called Acanthamoeba keratitis (AK)
occurring mainly in contact lens wearers on the one hand,
and several disseminating infections in the immunocom-
promised host on the other hand, including skin lesions,
pneumonitis and the almost always fatal granulomatous
amebic encephalitis (GAE) (Marciano-Cabral and Cabral
2003; Schuster and Visvesvara 2004). Besides their active
pathogenicity, acanthamoebae are also of clinical relevance
by acting as vehicles for fungi, viruses and bacteria,
including quite a variety of bacterial pathogens, such as
Legionella pneumophila, Pseudomonas aeruginosa and
Mycobacterium avium (Barker and Brown 1994, Horn and
Wagner 2004).

At least 24 Acanthamoeba species have been described
to date, and these have been assigned to one of the three
morphological groups established by Pussard and Pons
(1977) according to the size and the shape of their cysts.
However, the described species are not supported by
molecular analyses, and thus, the genus has been reclassi-
fied into 15 different genotypes (i.e. T1–T15) based on 18S
rDNA sequence analyses (Gast 2001; Gast et al. 1996;
Hewett et al. 2003; Horn et al. 1999; Stothard et al. 1998).

In the current study, we present a case of AK in a non-
contact-lens wearer without a history of corneal trauma.
The causative agent was isolated from a corneal scraping
and was identified as Acanthamoeba morphological group
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II and genotype T4. To the best of our knowledge, this is
the first study identifying an AK-causing Acanthamoeba
strain in Turkey. Three more Acanthamoeba strains isolated
from sites of possible human contact with acanthamoebae
in the same geographical region, including a lens storage
case, tap water and soil, were subjected to morphological
and molecular biological identification. Two of these strains
were identified as genotype T9, representing the first
isolation of Acanthamoeba genotype T9 in Turkey.

Case report

An otherwise healthy 22-year-old man presented with
severe pain, redness and photophobia in the right eye.
According to his statement, the symptoms had already been
present for 15 days and had been treated with 1%
cyclopentholate (Sikloplejin, Abdi Ibrahim, Turkey) and
dexamethasone sodium phosphate (Cebedex, Abdi Ibrahim,
Turkey) for 2 weeks without any sign of recovery. The
patient had no history of contact lens wear or corneal
trauma. Biomicroscopic examination revealed multiple
scattered subepithelial infiltrates, enlarged corneal nerves
and limbitis in the right eye. Result of biomicroscopic
examination of the left eye was normal. Visual acuity
(Snellen) in the right and left eye was 0.8 and 1.0,
respectively. Intraocular pressure measured with a non-
contact tonometer was 14 mmHg in the right and 16 mmHg
in left eye. Result of fundus examination was normal in
both eyes. Corneal epithelial scrapings were taken under
topical anesthesia and were subjected to Acanthamoeba
diagnostics. The scrapings were culture positive for
Acanthamoeba, and the patient was treated with propami-
dine isethionate 0.1% (Brolene), neomycin (Neosporin),
polyhexamethylene biguanide (Klorhex) and fluconazole
(Klorhex) eye drops for altogether 1 year. The patient was
reexamined after 1, 2, 3, 4, 5, 6, 8 and 12 months. After
1 year, the patient was completely free of symptoms. In the
last follow-up, the visual acuity in the right eye was 1.0 and
the result of biomicroscopic examination was within normal
limits.

Materials and methods

Samples

Sample 1 was the corneal scraping from the AK patient.
Sample 2 was a contact lens storage case of a 40-year-old
female asymptomatic contact lens wearer who had been
using her lenses for 10 years and had been washing them
with tap water. Sample 3 was a 2.5-l sample of domestic tap

water from the city of Izmir, and sample 4 was a 1-g soil
sample from a garden in the centre of Izmir.

Amoeba culture

All samples were cultured on non-nutrient agar plates
(1.5%) precoated with Escherichia coli. The corneal
scraping and the contact lens fluid were directly inoculated
onto the middle of the respective plate. The tap water
sample (2.5 l) was filtered through a sterile 5.0-μm pore
size cellulose acetate membrane (47 mm in diameter), and
then the membrane was inoculated onto a plate upside
down. The soil sample (1 g) was suspended in a few drops
of amoeba saline (Page 1991) and was then inoculated onto
the centre of a plate. The inoculated plates were sealed with
parafilm, incubated at 35°C and examined daily under an
inverted microscope. Two to 5 days after inoculation,
Acanthamoeba spp. trophozoites and, sporadically also,
cysts were clearly visible. All isolates were cloned using a
micromanipulator in order to obtain genetically uniform
cultures. Subsequently, all isolates were ascribed to one of
the morphologic groups according to the identification key
of Page (1991), investigated for their physiologic capabili-
ties and subjected to 18S rDNA sequencing.

Temperature tolerance test

Subcultures of all samples were incubated at 37, 40 and
42°C, respectively. After 48 h of incubation, samples were
investigated for amoebal growth by phase contrast
microscopy.

Isolation of DNA

For molecular biological investigations, actively growing
amoebae (∼106 cells) were harvested from culture plates
with a sterile cotton-tipped applicator and washed three
times in sterile 0.9% NaCl by centrifugation at 500×g for
7 min. Whole-cell DNAwas isolated by a modified UNSET
procedure (Hugo et al. 1992). Briefly, the pellet was
resuspended in 500 μl of UNSET lysis buffer, overlaid
with 500 μl phenol-chloroform-isoamylalcohol (PCI) and
shaken gently for 5 h. DNA was extracted by multiple PCI
extraction, precipitated in alcohol, air dried and resus-
pended in 30 μl of sterile double-distilled water.

Polymerase chain reaction and sequence analysis

The 18S rRNA gene was amplified using the SSU1 and
SSU2 primers (Gast et al. 1996). These are universal
eukaryotic primers, complementary to the strongly con-
served ends of the eukaryotic 18S rRNA genes. A standard
amplification programme with 30 cycles of 1 min 95°C,
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2 min 52°C and 3 min 72°C was used for polymerase chain
reaction (PCR). The amplification of the 18S rRNA gene
was visualized by ethidium bromide in an agarose gel
electrophoresis, and the amplified gene was sequenced
stepwise by direct sequencing from the PCR product using
the Thermo Sequenase TM II sequencing kit (Amersham
Pharmacia Biotech GmbH, Wien, Austria) and the P1–3
forward and reverse internal primers (Walochnik et al.
2004). Sequencing was carried out in a 310 ABI PRISM
automated sequencer (PE Applied Biosystems, Langen,
Germany), and sequences were obtained from both strands.
The sequences were compared to published sequences from
other Acanthamoeba strains, and the genotypes were
assessed with the model assumption of a <5% sequence
dissimilarity within one genotype.

Sequence data were deposited at GenBank and are
available under the following accession numbers:
DQ264391 (sample 1, strain Fa03), DQ185607 (sample 2,
strain PSH), DQ185606 (sample 3, strain PS) and
DQ185605 (sample 4, strain PJ).

Results

All samples investigated revealed acanthamoebae that were
able to grow at 35°C, the approximate temperature of the
human eye. No representative of any of the other three
genera of FLA of clinical relevance, Balamuthia, Naegleria
and Sappinia, was present in any of the samples.

The Acanthamoeba strain isolated from the AK patient
and the strain isolated from tap water were identified as
morphological group II and genotype T4, and the strains
isolated from the lens storage case and from soil were
identified as morphological group I and genotype T9
(Table 1). All isolates were able to grow at 37°C, and
except the strain isolated from the soil, strain PJ genotype
T9, all strains were also able to grow at 40°C. Strain Fa03
of genotype T4 isolated from the corneal scraping of the
AK patient was the only strain that showed growth also at
42°C.

Strain Fa03 genotype T4 has an average number of six
or less truncate rays, and the ectocyst is not pronounced and
wrinkled as it is described in the closely related A.
castellanii; thus, this isolate would morphologically be
identified as A. mauritaniensis (Fig. 1a). However, A.

mauritaniensis has recently been shown to be a synonym of
A. rhysodes, as it does not show more than 0.2% sequence
dissimilarity to the Singh strain of A. rhysodes (Liu et al.
2005). The Singh strain again and also our Fa03 strain
belong to genotype T4, and Stothard et al. (1998) have
suggested that all T4 strains should be reclassified as A.
castellanii, as the type strain of A. castellanii, strain
Castellani, shows T4. We support this aim to reconcile the
species designations with genetic relatedness and thus
reclassify our isolate as A. castellanii.

Strain PS isolated from tap water exhibits a typical ‘A.
hatchetti morphology’ with four rays (Fig. 1c), which also
correspond to its ability to grow at 40°C. However, this
strain also is a representative of genotype T4—as are many,
but not all, of the A. hatchetti isolates known to date—and
is thus also reclassified as A. castellanii.

The strain isolated from the contact lens container, strain
PSH, has a mean number of 12 rays (Fig. 1b), and although
strain PJ has an average number of only 9 rays (Fig. 1d), in
both cases, the rays are not all in the same plane; thus, both
isolates have to be classified as A. comandoni. This close
relationship between strain PSH and strain PJ despite their
differing morphology and their differing temperature
tolerance is also reflected by the fact that both are
representatives of genotype T9, showing as much as
99.8% sequence identity to one another.

Discussion

Approximately 80% of the more than 3,000 documented
AK cases were associated with contact lens wear, and of
these patients, again at least 80% wore soft hydrogel lenses
(Schuster and Visvesvara 2004; Seal 2003). However, most
documented cases originated from the USA or the UK,
where contact lens wear is highly common and other risks
of infection are low. Recent studies from India demonstrate
that most AK patients there are non-contact-lens wearers,
with most cases occurring in the rural population after
corneal trauma or a dirty water splash into the eye (Sharma
et al. 2000, 2004; Srinivasan et al. 2003). In the current
study, we present a case of AK that was neither linked to
contact lens wear nor to a history of corneal trauma.
Interestingly, however, the last AK case in Turkey, a 5-year-
old boy, was also not associated with contact lens wear or

Table 1 Morphologic and genetic classification of Acanthamoeba from different sources

Sample no. Strain Source Morphological group Genotype Temperature tolerance (°C) Species designation

1 Fa03 Corneal scraping II T4 42 A. castellanii
2 PSH Contact lens storage case I T9 40 A. comandoni
3 PS Tap water II T4 40 A. castellanii
4 PJ Soil I T9 37 A. comandoni
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corneal trauma (Demirci et al. 2006). Thus, obviously, also
in non-tropical regions, risk factors other than contact lens
wear, such as water splashes into the eyes, must be taken
into account for AK.

The AK-causing strain of the presented case was
identified as Acanthamoeba genotype T4, as was also the
strain isolated from tap water, strain PS. The relatively high
abundance of Acanthamoeba isolates with genotype T4 in
the environment has been proposed as one explanation for
the preponderance of genotype T4 in AK infections; in
particular, tap water has been assumed to be the most
important source of infection (Stothard et al. 1998;
Tsvetkova et al. 2004). Unfortunately, in neither of the
previous AK cases in Turkey—the first case was reported
in 1996 (Akyol et al. 1996), and after this, only two other
cases have been published, one in 1999 (Akisü et al.1999)
and one in 2006 (Demirci et al. 2006)—the Acanthamoeba
subpopulations have been characterized. Worldwide, most
AK-causing strains are associated with genotype T4, but
AK-causing strains belonging to T2, T3, T5, T6 and T11
have also been isolated (Gast et al. 1996; Khan et al. 2002;
Maghsood et al. 2005; Spanakos et al. 2006; Stothard et al.

1998; Walochnik et al. 2000). A recent comparative study
from the UK and Iran has demonstrated that whereas in the
UK, 81.8% of the investigated AK isolates belonged to T4,
in Iran, it was only 61.5%—the rest belonged to T3 and T2
(Maghsood et al. 2005).

The strains isolated from the lens storage case and from
the soil were both identified as A. comandoni and genotype
T9. A. comandoni and genotype T9, respectively, are
widely seen in nature and are considered to be non-
pathogenic (Schroeder et al. 2001; Booton et al. 2002;
Kilvington et al. 2004). This corresponds very well to the
fact that the contact lens wearer from whose contact lens
case our strain had been isolated was completely asymp-
tomatic. Several studies have shown that pathogenic but
also non-pathogenic acanthamoebae can frequently be
isolated from contact lens cases (Gray et al. 1995; Hiti et
al. 2000; Walochnik et al. 2000). Nevertheless, non-
pathogenic acanthamoebae can also be of clinical rele-
vance, as they can act as vehicles for pathogenic bacteria as
for example the common eye pathogen Pseudomonas
aeruginosa or the causative agent of Legionnaires’ disease,
Legionella pneumophila (Barker and Brown 1994). Inter-

Fig. 1 Acanthamoeba strains
Fa03 genotype T4 (a), PSH
genotype T9 (b), strain PS ge-
notype T4 (c) and strain PJ
genotype T9 (d). Scale bar:
10 μm (original)
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estingly, a recent study has shown that legionellae are
widely distributed in hot water samples from hotels in Izmir
province, the same geographical area where our strains had
been isolated (Uzel et al. 2005). Acanthamoebae have
repeatedly been isolated from soil and also from other
environmental samples including fresh water, a thermal
spring and sewage in Turkey (Saygı 1979; Saygı et al.
2000; Saygı and Polat 2003); however, in these studies, the
amoebae have not been identified below the genus level. In
a recent study (Kilic et al. 2004), Acanthamoeba isolates
belonging to T2, T3, T4 and T7 genotypes—but not T9—
have been found in environmental samples from Ankara,
Turkey.

Altogether, our study corroborates that also in non-
tropical regions, risk factors other than contact lens wear,
such as water splashes into the eyes, must be taken into
account for AK. Temperature-tolerant acanthamoebae seem
to be common in the environment in Turkey; furthermore,
in Turkey, Acanthamoeba genotype T4 is a typical
causative agent of AK. To the best of our knowledge, this
is the first study identifying an AK-causing Acanthamoeba
strain below the genus level in Turkey. Moreover, it is the
first time that Acanthamoeba genotype T9 was isolated in
this country.
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