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Abstract. Free living amoebae (FLA) are amphizoic protozoa that are widely found in various environmental sources. They are known to
cause serious human infections, including a fatal encephalitis, a blinding keratitis, and pneumonia. The main aim of the study was detection
and molecular identification of Acanthamoeba spp., Naegleria fowleri, Balamuthia mandrillaris, Sappinia pedata, and Vermoamoeba ver-
miformis (formerly Hartmannella vermiformis) in artificial water bodies in North-Western Poland. We examined 86 water samples collected
during 2-year period from 43 water bodies, including outdoor and indoor swimming pools, firefighting reservoirs, fountains, as well as wa-
ter network. The samples were filtrated using Filta-Max® membrane filters (IDEXX Laboratories, USA) and, in order to select potentially
pathogenic, thermophilic strains and to limit the number of PCR examined samples, the thermal tolerance test was carried out. Obtained
filtrates were transferred to non-nutrient agar plates with E. coli. The agar plates were incubated at 37°C and then proliferated amoebae
were passaged at 42°C. DNA was extracted from the thermophilic trophozoites and then polymerase chain reactions and sequence analysis
were performed for molecular identification of FLA. From the 86 collected water samples 57 strains of FLA were able to proliferate at 37°C
and 7 of them showed ability to proliferate at 42°C. For molecular identification of Acanthamoeba spp. and V. vermiformis, regions of 18S
rDNA were amplified. In order to detect B. mandrillaris DNA, we used mitochondrial 16S rDNA as a marker, and for detection of N. fow!/-
eri and S. pedata — ITS regions. Based on molecular analysis, isolates were classified to the genus Acanthamoeba (T4 and T11 genotypes,
as well as the new genotypes detected earlier in clinical samples and named T16) and V. vermiformis species. Detected strains were highly
similar or identical to pathogenic strains detected earlier in patients. Our results show a wide distribution of potential pathogenic FLA, as
Acanthamoeba T4, T11, T16 genotypes, and V. vermiformis species in various artificial water bodies located in North-Western Poland and
suggest a potential threat to health of humans in this part of the country.
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INTRODUCTION throughout the world. They have been isolated from
fresh water and seawater, soil, dust, and air (Visvesvara
et al. 2007). Mainly the strains belonging to Acanth-
amoeba spp. (T3, T4, and T11 genotypes) (Culbertson
et al. 1958, 1959; Jager and Stamm 1972; Naginton et
Address for correspondence: Bogumita Skotarczak, Department of al. 1974; Booton et al. 2005), Naegleria fowleri (Fowler
Genetics, Szczecin University, Felezaka 3¢, 71-412 Szczecin, Po-  and Carter 1965, Carter 1970), Balamuthia mandrilla-
land; E-mail: boskot@univ.szczecin.pl, genetyka@univ.szezecinpl — 7is (Visvesvara et al. 1990, 1993) and Sappinia pedata

Free-living amoebae (FLA) are amphizoic proto-
zoa commonly found in various environmental sources
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(Gelman et al. 2001, 2003; Qvarnstrom et al. 2009)
have been documented to invade and multiply within
a host leading to life-threatening infections in humans
and animals. According to some reports, Vermoamoe-
ba vermiformis (formerly Hartmannella vermiformis,
Smirnov et al. 2011) has recently also been associated
with human disease (Kennedy et al. 1995, Centeno et
al. 1996, Lorenzo-Morales et al. 2007), however, the
pathogenicity of this species is discussed (De Jonck-
heere and Brown 1998).

N. fowleri is the most pathogenic of FLA and it
is known as a causative agent of an acute and rap-
idly fatal disease of healthy humans following expo-
sure to contaminated water, called primary amoebic
meningoencephalitis (PAM) (Visvesvara et al. 2007).
Acanthamoeba spp., B. mandrillaris, and S. pedata are
associated with granulomatous amoebic encephalitis
(GAE), a subacute or chronic disease of individuals
with a compromised immune system. Acanthamoeba
spp. also causes infections of lungs, liver, kidneys,
spleen, heart, sinuses, adrenal glands, and skin. Fur-
thermore, Acanthamoeba strains are causative agents
of a sight-threatening corneal infection mainly associ-
ated with healthy contact-lens wearers, called Acan-
thamoeba keratitis (AK) (Khan 2006, Visvesvara et al.
2007). V. vermiformis has been isolated from the cer-
ebrospinal fluid of a patient with meningoencephalitis
and bronchopneumonia (Centeno et al. 1996). Moreo-
ver, the pathogenic potential of V. vermiformis isolated
from patient with AK has been also proven (Kennedy
et al. 1995, Lorenzo-Morales et al. 2007). In addition
to their own pathogenic abilities, FLA are known to be
a reservoir of many microorganisms, including bacte-
ria, viruses, fungi and also other protozoa (Greub and
Raoult 2004).

Because of all mentioned threats and their possible
impact on human and animal health, it is significant to
detect and also identify these potentially pathogenic
FLA in human-exposed aquatic environments. In Po-
land, Acanthamoeba strains which have showed patho-
genicity for mice (Gornik and Kuzna-Grygiel 2004) and
N. fowleri (Kasprzak et al. 1982) have been isolated from
various natural and man-made water bodies. It shows
that there is a real risk of the pathogenic parasite infec-
tions throughout the country. In our previous studies, we
revealed the occurrence of potential human and animals
pathogenic FLA (Acanthamoeba T4 strain and new, po-
tentially pathogenic strain, as well as V. vermiformis) in
human-exposed natural water bodies (Adamska et al.
2014). The main aim of this study was detection and

molecular identification of potentially pathogenic FLA
strains (Acanthamoeba spp., N. fowleri, B. mandrillaris,
S. pedata, and V. vermiformis) in artificial water bodies
located in North-Western Poland.

MATERIALS AND METHODS

During two years (2010 and 2011) 86 water samples were col-
lected from 43 artificial water bodies, including outdoor and indoor
swimming pools, firefighting reservoirs, fountains, as well as wa-
ter network (Tab. 1). All examined water bodies are localized in
North-Western Poland and used for recreational purposes or located
in urban areas.

Each time, the 5-litre water samples were collected into sterile
containers and filtered using a vacuum pump and separated in Filta-
Max® membrane filters (IDEXX Laboratories, USA). Agar plates
(NN Agar) were prepared and covered with inactivated Escherichia
coli bacteria. 100 pl of each eluate with the residue, received after
filtration, were placed on the agar plates and then they were incu-
bated at 37°C for 72 h. After the incubation, proliferated amoebae
were passaged at 42°C and the intensity of growth were observed
each day in order to isolate thermophilic strains that were scrapped
and resuspended in 1 ml of PBS buffer after 72 h incubation.

QIAamp® DNA Mini Kit (Qiagen, Germany) was used in order
to isolate DNA from pelleted trophozoites of thermophilic strains,
according to the manufacturer’s instructions. Different species of
FLA were detected in obtained isolates using PCR protocols previ-
ously published by the authors (Tab. 2). All reactions were carried
out in two replicates. Amplification products from all PCR reactions
were separated by electrophoresis in 1.5% agarose gel stained with
ethidium bromide and viewed in UV light. DNA isolates obtained
earlier from clinical and environmental samples, in which the pres-
ence of amoebae DNA was revealed by PCR and sequencing, were
the positive controls.

Both strands of all obtained PCR products were sequenced
using the amplification primers (Macrogen, Korea) and the se-
quences were initially compared with other homology sequences
from GenBank database using the Basic Local Alignment Search
Tool (BLAST) at the National Centre for Biotechnology Informa-
tion. Separate alignments were performed for our each strain of
Acanthamoeba and for V. vermiformis using ClustalW (Mega 5.10
software) to compare them to each other and to other homologous
sequences from GenBank.

The obtained results were compared and significance was as-
sessed by a ¥ test with Yates’ correction for small groups using the
STATISTICA 7.0 statistical package. The level of statistical signifi-
cance was set at p <0.05.

RESULTS

Among the 86 collected water samples, 57 strains
of FLA able to proliferate at 37°C were isolated and 7
of them showed ability to proliferate at 42°C (Tab. 1).



Table 1. Isolated strains of FLA and their thermal properties.
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Water source No. of sites No. of samples Thermal tolerance
37°C 42°C
n % n %
Indoor swimming pool 10 20 15 75 2 10.00
Outdoor swimming pool 3 6 6 100 2 33.33
Firefighting reservoir 5 10 9 90 1 10.00
Fountain 7 14 11 78.57 1 7.14
Tap water 18 36 16 44.44 1 2.78
Total 43 86 57 66.28 7 8.14
Table 2. Primers used in the study in order to detect amoebaec DNA.
FLA Molecular marker Primer Size of amplification product (bp) References
Acanthamoeba spp. 18S tDNA Ami6F1 ~ 830 Thomas et al. 2006
P 5’-CCAGCTCCAATAGCGTATATT-3’
V. vermiformis : ~ 600
X Ami9R
5’-GTTGAGTCGAATTAAGCCGC-3’
N. fowleri ITS NFFW ~300 Lares-Villa and Hernan-
5’-TGAAAACCTTTTTTCCATTTACA-3’ dez-Pefia 2010
NFRW
5’-AATAAAAGATTGACCATTTGAAA-3’
B. mandrillaris mitochondrial 5’Balspec16S ~230 Yagi et al. 2008
16S rDNA 5’-CGCATGTATGAAGAAGACCA-3’
Bal16Sr610
5’-CCCCTTTTTAACTCTAGTCATATAGT-3’
S. pedata ITS Sap-1TS-542F ~ 150 Brown et al. 2007

5’-ATGCCTGCGATTTCTCTATC-3’

Sap-ITS-675R

— modified

5’-AACCCACCTTTGCATTTCG-3’

Thermophilic strains were collected in 2 indoor and 2
outdoor swimming pools, 2 fountains, 1 firefighting
reservoir, as well as 1 sample of tap water from hospital
(Tab. 3). Statistically significant differences in the FLA
strains distribution in particular water bodies were not
observed and the strains distribution in 2010 and 2011
was also insignificant.

PCR and sequencing of the 18S rDNA gene frag-
ment, performed for thermophilic strains, revealed the
presence of DNA of Acanthamoeba spp. (T4 and T11
genotypes, as well as the new genotype described in
2009 as T16 by Lanocha et al.) and V. vermiformis. In
5 samples, DNA of Acanthamoeba spp. has been identi-
fied, in 2 — V. vermiformis and in 1 sample — both of them
(Tab. 3). Three other investigated species: N. fowleri,
B. mandrillaris and S. pedata have not been identified.

Statistically significant differences in the distribu-
tion of Acanthamoeba spp. and V. vermiformis DNA
in particular water bodies in 2010 and 2011 were not
observed (p = 0.233). However, it should be noted that
the low number requires great caution in interpreting
the results.

The sequence comparison has showed that two de-
tected T11 sequences are identical, as well as two de-
tected sequences representing the new strain described
earlier as T16 (Lanocha et al. 2009). We detected
two variants of V. vermiformis 18S rDNA sequence:
JQ409008 sequence has T in 88 position and C in 89
position, while JQ409009 and JQ409010 sequences are
identical and have C in 88 position and T in 89 position.
The two detected variants of V. vermiformis sequence
showed similarity of 99.87%.
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Table 3. Accession numbers of the 18S rDNA gene sequences of Acanthamoeba spp. and H. vermiformis deposited in the Gene Bank

database.

Accession numbers in the Gene Bank Genus or species Sequence type Water body type

JQ408990 Acanthamoeba sp. T4 Fountain in shopping centre
JQ408991 Acanthamoeba sp. T11 Indoor swimming pool, river
JQ408992 Acanthamoeba sp. T11 Indoor swimming pool, jacuzzi
JQ408997 Acanthamoeba sp. T16* Outdoor swimming pool for children
JQ408998 Acanthamoeba sp. T16* Outdoor swimming pool, salt water
JQ409008 V. vermiformis “TC” Tap water, hospital

JQ409009 V. vermiformis “CT” Firefighting reservoir

JQ409010 V. vermiformis “CT” Fountain in a shopping centre

*the genotype described as T16 by Lanocha et al. (2009)

Performed alignment revealed that our T4 se-
quence (JQ408990) is identical with our sequences
detected earlier in lake water (JQ632778, JQ632779,
JQ408989, Adamska er al. 2014), with sequences
obtained from swimming pool and salt cave water
in Slovenia (GQ397463, GQ397464, GQ397467,
GQ397471, Nagyova et al. 2010) and hospital water
network in France (AY237735, unpublished data) and
with sequences detected in the bronchoaspirate fluid
of patient after the allogenic transplantation of bone
marrow in Poland (GQ342606, Lanocha et al. 2009)
and in infected cornea of amoebic keratitis patients
in Korea (EF140627, unpublished data). Our T11 se-
quences are unique and showed similarity of 99.7% to
Acanthamoeba hatchetti sequence detected in cornea
of lens-wearing keratitis patient in Austria (AF251937,
Walochnik et al. 2000) and to other A. hatchetti se-
quences (AF019068, isolated from water by Stothard et
al. 1998; JF508857, unpublished data). The similarity
of our T11 sequences to other T11 strains from Gen-
Bank is lower — 95.3% for AY343664 (isolated from
water by Booton et al. 2004) and 93.3% for AF333608
(Gast et al. 2001). The sequences representing the new
strain described earlier as T16 (Lanocha et al. 2009) are
identical to our sequences detected earlier in river wa-
ter (JQ408995, JQ408996, HQ632775 and HQ632777)
and showed the similarity of 99.4% to the sequence ob-
tained from bronchoalveolar lavage of a newborn with
atypical pneumonia (GQ342608, Lanocha et al. 2009).

Two of our V. vermiformis strains (JQ409009 and
JQ409010) were identical and one strain (JQ409008)
was unique. They showed the highest similarity (99%)
to the sequences obtained earlier by us and other authors
from different types of water bodies (e.g. JQ409000

— lake water, JQ408999 — river water), as well as ob-
tained from compost (KC164244), sludge (FJ628004)
and gill tissue of rainbow trout (Oncorhynchus mykiss)
(HM363626, Dykova et al. 2010).

DISCUSSION

FLA species are widely distributed in various en-
vironmental sources and they have been found world-
wide in aquatic habitats, soil, and air (Visvesvara et al.
2007). Water temperature, salinity and chlorination,
food availability and ability to form cysts are among
the factors affecting their distribution (Tsvetkova et
al. 2004). In this paper, FLA including thermophilic
strains were detected in all examined types of artificial
water bodies as indoor and outdoor swimming pools,
firefighting reservoir, fountain, and tap water. It is con-
sistent with reports from Poland, as well as from other
countries around the world, where the thermophilic
strains have been reported in numerous natural and
man-made water sources (Gornik and Kuzna-Grygiel
2004, Tsvetkova et al. 2004, Khan 2006, Visvesvara
et al. 2007, Lanocha et al. 2009, Carlesso et al. 2010,
Adamska et al. 2014).

It is important to determine strains which show abil-
ity to proliferate at 42°C, because only thermophilic
FLA may be pathogenic for humans and animals. They
can proliferate at a temperature about 42°C, which may
be correlated with their adaptation to conditions in the
host. Amoebae isolated posthumously from organs
showed the ability to multiply at 42—45°C. However,
not all thermophilic strains are pathogenic, as some
of the avirulent amoebae show analogous temperature



preferences (Khan 2006). For this reason, it is impor-
tant to determine more precise information about their
ability to cause disease in humans and animals. Except
the thermal tolerance test, several methods have been
described to find out the pathogenicity of amoebae, in-
cluding microscopic methods, biological assays, bio-
chemical methods and techniques based on polymerase
chain reaction (Khan et al. 2002, Khan 2006). Actu-
ally, molecular methods especially sequencing the frag-
ments of 18S rDNA gene is most commonly used to
obtain information about pathogenic abilities of FLA
(Stothard et al. 1998; Schroeder et al. 2001; Booton et
al. 2002, 2005; Khan et al. 2002; Khan 2006; Visves-
vara et al. 2007).

In this study, Acanthamoeba spp. and V. vermi-
formis strains were detected in the examined artificial
water bodies in North-Western Poland. They are the
most common amoebae and probably the most com-
mon protozoa detected in environment. However, three
other investigated species: N. fowleri, B. mandrillaris
and S. pedata have not been identified. The detection
of only Acanthamoeba spp. and V. vermiformis strains
may be associated with the much shorter life of other
amoebae cysts and their greater sensitivity to chlorina-
tion and low temperature (De Jonckheere 1979). It is
consistent with reports from around the world, where
Acanthamoeba spp. and V. vermiformis have been re-
ported most frequently in different types of water bod-
ies (Tsvetkova et al. 2004, Lorenzo-Morales et al. 2005,
Thomas et al. 2006, Gianinazzi et al. 2010, Nuprasert et
al. 2010, Adamska et al. 2014). According to previous
reports from Poland, only Acanthamoeba strains were
found in artificial water bodies and Acanthamoeba
strains and V. vermiformis were found in natural wa-
ter bodies in the West Pomeranian voivodeship (Gornik
and Kuzna-Grygiel 2004, Lanocha et al. 2009, Adam-
ska et al. 2014). Additionally, N. fowleri was previously
identified near Poznan (Kasprzak et al. 1982), while
V. vermiformis has not been earlier detected in Polish
artificial water bodies, which is surprising taking ac-
count of its widespread occurrence. However, the pre-
vious identification of amoebae species was carried out
on the basis of cysts morphology, which is very inaccu-
rate. Several studies have demonstrated inconsistencies
and/or variations in cyst morphology of the same strain
(Khan 2006). For example, culture conditions can af-
fect cyst morphology making species identifications
based on morphology alone unreliable (Stratford and
Griffiths 1978). Moreover, attempts to associate patho-
genicity with species morphological classification have
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proven difficult (De Jonckheere 1980). For example,
several studies revealed that strains within A. castella-
nii can be virulent, weakly virulent or avirulent (Khan
2006). Whereas, molecular methods used in this study
allow us to identify pathogens at the species or strain
levels, and to explore the impact of genetic diversity on
significant biomedical parameters such as pathogenic-
ity, resistance to drugs, host species, or site of infec-
tion. Recent data have shown the applicability of rDNA
sequencing as a tool for differentiating pathogenic and
nonpathogenic Acanthamoeba spp. (Khan et al. 2002).

Based on SSU rRNA gene sequences, the genus
Acanthamoeba is divided into 18 different genotypes
designated T1-T18 (Stothard et al. 1998, Qvarnstrom
et al. 2013). The genotypes exhibit at least 5% 18S
rDNA sequence divergence in comparision to each
other (Stothard et al. 1998) and they are all described
on the basis of the full sequence of 16S rRNA gene
(~2200 bp) except from the T15 genotype described on
the basis of the GTSA.B1 fragment of the gene (~ 1450
bp) (Corsaro and Venditti 2011). Genotype number
does not always correspond to specific classifications
based on morphology, so it is more reasonable to use
the designation of sequence type instead of convention-
al species name (Stothard ef al. 1998). Based on this
classification scheme, the majority of human infections
due to Acanthamoeba spp. have been associated with
the T4 genotype and it is also the most abundant in the
environment, e.g. more than 94% of keratitis cases have
been linked with this genotype. Similarly, T4 has been
the major genotype associated with nonkeratitis infec-
tions such as GAE and other infections (Booton et al.
2005). It has been recently shown that the genotype ex-
hibits significant higher binding and produce severe cy-
totoxicity on host cells as compared to other genotypes
(Alsam et al. 2003). However, T1, T2, T3, TS, T6, T10,
T11 and T12 genotypes have been also described in hu-
man invasions (Booton et al. 2002, 2005; Spanakos et
al. 2006; Walochnik et al. 2000).

In this study, the 830-840 fragments of 18S rDNA
gene sequences, containing 5 variable regions, were
amplified and sequenced in order to distinguish Acan-
thamoeba genotypes. In examined artificial water bod-
ies, we detected T4 and T11 genotypes, as well as the
new genotype described earlier by Lanocha et al. (2009)
as T16. The similarity of strains representing the same
genotype should be over 95% (Stothard et al. 1998) and
the dissimilarity between our T11 sequences and four
T11 sequences from GenBank is below 5%, however,
the dissimilarity between our sequences and AY 343664
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sequence obtained from water is close to 5%, and be-
tween our sequences and AF333608 sequence is over
6%. We aligned our T11 sequences only with GenBank
sequences of similar length, and shorter sequences
were not used. However, the aligned sequences are only
fragments of the Acanthamoeba 18S rRNA gene, that is
about 2200 bp long, and this may increase dissimilar-
ity between the sequences Corsaro and Venditti (2011).
What is more, the classification of the strains described
as T16 genotype by Lanocha et al. (2009) may be false
because the short portion of 18S rRNA gene (the 850-
bp Ami fragment), was used to describe this type. This
fragment contains only 5 of 8 variable regions of the
18S rRNA gene and the use of this marker increases
genetic distances between pairs of aligned sequences.
Analysis of longer fragments of the 18S rRNA gene
(preferably the full sequence) is require to describe new
Acanthamoeba genotypes (Corsaro and Venditti 2011).
Further studies, based on the whole 18S rRNA gene se-
quence, are needed to classify our strains that showed
the highest similarity to the strains described earlier as
T16 genotype by Lanocha et al. (2009).

It is important that the two genotypes detected by
us: T4 and the new genotype described earlier as T16
by Lanocha et al. (2009), show 100% and 99.4% simi-
larity, respectively, to Acanthamoeba strains isolated
from Polish patients with immune deficiencies and
atypical pneumonia symptoms. In addition, our T4
strain is identical with the strain detected in infected
cornea of amoebic keratitis patients from Korea, and
our T11 strain is similar (99.7%) to A. hatchetti se-
quence isolated from eye cornea in Austria. For this
reason, we can suppose that there is a potential threat
to health of humans in Poland. In our previous studies,
we examined 200 surface water samples collected from
50 sites of 36 water bodies between 2009 and 2012 and
we detected Acanthamoeba T4 genotype and the new
genotype described earlier as T16 (Lanocha et al. 2009)
in 13 water samples collected from 6 water bodies.
The overall presence of thermophilic Acanthamoeba
sp. DNA was detected in 6.5% of all collected sam-
ples (13/200, Adamska ef al. 2014), and in this study
the overall presence was 5.8% (5/86). These results
are comparable and the threat to health of humans who
have contact with artificial and natural water bodies in
the West Pomeranian voivodeship seems to be similar.

First time in Poland, V. vermiformis strains have
been isolated from artificial water bodies: firefighting
reservoir, fountain in shopping center, and tap water ob-

tained from maternity ward of hospital. The amoebae,
very ubiquitous in environment, has recently also been
associated with human disease (Kennedy et al. 1995,
Centeno et al. 1996, Lorenzo-Morales et al. 2007). As
a result, its presence in human-related aquatic habitats,
particularly in hospital tap water seems to be threat to
humans, the more since this species may serve as a vec-
tor of pathogenic microorganisms (Hsu et al. 2009).
Previously, we detected 18S rDNA of V. vermiformis
in 11 water samples collected from 4 water bodies and
DNA of this amoeba was found in 5.5% of all exam-
ined isolates collected between 2009 and 2012 (11/200,
Adamska et al. 2014), whereas in this study the overall
presence was 3.5% (3/86). Therefore, the risk of human
infections is higher during contact with water from nat-
ural water bodies in the West Pomeranian voivodeship.

In conclusion, environmental screening of various
ecological niches of Acanthamoeba spp. is required and
may reveal hidden but potentially dangerous habitats
(Booton et al. 2005). We have identified Acanthamoeba
genotypes which may cause pneumonia and potential
invasion of central nervous system in individuals with
a compromised immune system. Additionally, strains
which are causative agents of sight-threatening corneal
infection mainly associated with healthy contact-lens
wearers have been detected. We have also identified
V. vermiformis species in many artificial water bodies
for the first time in North-Western Poland. The presence
of strains belonging to T4 and T11 genotypes, as well as
to the new genotype detected earlier in clinical samples
and described as T16 (Lanocha et al. 2009), and prob-
ably V. vermiformis genotypes, in human-related aquat-
ic habitats may cause health-threatening infections in
humans in the country, mainly as these amoebae may
serve as vectors of pathogenic microorganisms.
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