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ABSTRACT

The protista Acanthamoeba is a free-living amoeba existing in various environments. A number of
species among protista are recognized as human pathogens, potentially causing Acanthamoeba
keratitis (AK), granulomatous amoebic encephalitis (GAE), and chronic granulomatous lesions. In
this study, 10 rhizosphere samples were collected from maize and alfalfa plants in experimental station
at Institute of Genetics, Microbiology and Biotechnology, Szent István University. We detected
Acanthamoeba based on the quantitative real-time PCR assay and sequence analysis of the 18S rRNA
gene. All studied molecular biological methods are suitable for the detection of Acanthamoeba
infection in humans. The quantitative real-time PCR-based methods are more sensitive, simple, and
easy to perform; moreover, these are opening avenue to detect the effect of number of parasites on
human disease. Acanthamoeba species were detected in five (5/10; 50%) samples. All Acanthamoeba
strains belonged to T4 genotype, the main AK-related genotype worldwide. Our result confirmed
Acanthamoeba strains in rhizosphere that should be considered as a potential health risk associated
with human activities in the environment.
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INTRODUCTION

Acanthamoeba is a genus of free-living amoebae widely distributed in various ecological
environments [1–3]. The life cycle of Acanthamoeba species (sp.) consists of the active
trophozoites and dormant cysts stages. Acanthamoeba trophozoites have a size between 20
and 40 μm, although this range can vary significantly among isolates of different species
genotypes. Cysts are double-walled and range in size from 10 and 20 μm. This difference in
size between the cyst and trophozoite involves a significant loss of cell volume mail due to
cellular dehydrations. Acanthamoeba spp. are thermotolerant, which are resistant to extreme
temperature, pH conditions, UV, as well as to chlorine and other disinfectant media.

Most of the environmental studies are focusing on pathogenic Acanthamoeba sp.
taxonomic and pathogenic markers, geographic distribution, ecology, and transmission
dynamic [4–6]. Unlike obligate parasites, pathogenic Acanthamoeba spp. can complete their
life cycle, environmental performance without having to enter the human or animal host
[7, 8]. The genus Acanthamoeba has been currently classified into 21 different genotypes,
T1–T21, based on 18S rRNA nucleotide sequence [9, 10]. Some genera of Acanthamoeba
cause different infections, which produce Acanthamoeba keratitis (AK), subacute or chronic
granulomatous amoebic encephalitis, and skin infections. Human infections with these
amoebae have been reported from all over the world [11]. The first cases that
clearly established Acanthamoeba as causative agents of disease in humans have been
reported in the early 1970s [12]. In many cases, AK infections occur after water exposure or a
history of swimming in lakes, following contact with soil or plants, or while wearing
contact lenses [13, 14].
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In general, Acanthamoeba are metabolically active and use
a wide variety of bacteria, fungi, and organic matter as a food
source [15].

Therefore, in this study, high microbial activities showing
rhizosphere soil used for isolation protozoan organisms to test
their occurrences are not in human host. Moreover, the
isolated strains morphologically characterized by electron
microscopy molecularly characterized based on the 18S rRNA
gene sequence and the robust phylogenetic analysis was also
measured.

MATERIALS AND METHODS

Samples collection

Rhizosphere samples were collected from experimental
station at Institute of Genetics, Microbiology and Biotech-
nology, Szent István University (longitude: 19°21′39.85″,
latitude: 47°35′37′63″) in June 27, 2018. Rhizosphere samples
were taken from the depth of 0–20 cm. During the sampling
period, altogether 10 samples from rhizosphere of maize and
alfalfa plants samples were taken.

The sampling was performed, in which 10 samples were
taken from rhizosphere of maize and alfalfa plants (notation:
K1_1, K1_2, K1_3; K2_1, K2_2, K2_3; and L1_1, L1_2, L1_3,
L2_1).

Culture-confirmed detection method

To concentrate Acanthamoeba spp., the samples were
filtered, eluted, and centrifuged. Soil samples (1 g) collected
from rhizosphere of maize and alfalfa plants were dissolved
in 10 ml of sterile physiological saline solution (0.85%) buffer
and 500 μl of each sample was inoculated onto PAGE agar
9-cm plates seeded with heat-killed Escherichia coli and
incubated at 36 °C [16].

Microscopic detection

Samples were examined under a microscope for 72–96 h at
400× with an inverted ZEISS microscope (Figure 1).

Molecular analysis

The Acanthamoeba species were isolated by dilution method.
For this purpose, the samples of soil (1 g) were suspended in
10 ml of sterile physiological saline solution (0.85%). After
preparation, the DNA extraction was treated with High Pure
PCR Template Preparation Kit (Germany), according to the
instructions of the manufacturer. If further processing was
delayed, the isolates were stored at 4 °C for 24 h or at –20 °C
for a longer period. The DNA amplification was performed
using genus-specific primers and genus-specific fluorescence
resonance energy transfer (FRET) hybridization probes,
previously described by Orosz et al. [17]. Each experiment
included one reaction mixture without DNA as a negative
control; positive control and each specimen were run in
duplicate for real-time PCR assay in parallel. We have used
serial dilutions of Acanthamoeba (GenBank accession num-
ber: KC434439) strain to determine the calibration curve that
the liquid chromatography device could determine the addi-
tional samples parasite number in copy numbers.

PCR products were purified with PCR Clean up-M Kit
(Viogene, Sunville, CA). The sequence of each amplicon was
determined by cycle sequencing with primers for the 5′-NTR
region and with primers with BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Germany), according to
the manufacturer’s instruction. The electrophoresis was carried
out on Applied Biosystems 3500 Genetic Analyzer (Applied
Biosystems, Budapest, Hungary).

The 5′-NTR and VP1 gene sequences were subject to
nucleotide–nucleotide BLAST analysis [18] using the online
server at the National Center for Biotechnology Information
(http://blast.ncbi.nlm.nih.gov/Blast).

The unknown sequences were aligned with known
published sequences of the major genotypes using the align-
ment program MULTALIN (http://multalin.toulouse.inra.fr/
multalin) [19]. The genotypes of samples were determined
based on this comparison.

The phylogenetic tree was constructed by the neighbor-
joining method of genetic distance calculated by the MEGA 6
(http://www.megasoftware.net) [20].

Genotype identification was carried out with a real-time
FRET PCR assay based on sequence analysis of the 18S rRNA
gene, and sensitivity and specificity were evaluated in com-
parison with traditional parasitological techniques.

Figure 1. Photomicrograph of Acanthamoeba trophozoites (A) and cysts (B) with 400× magnification. Photographer: Erika Orosz
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RESULTS

Microscopic detection

All investigated samples revealed Acanthamoeba were able
to grow at 36 °C, the approximate temperature of the
human organism. Microscopically 5 out of the 10 samples
were declared as Acanthamoeba positive (Medicago sativa –
L1_2, L1_3 and Zea mays – K1_2, K2_1, K2_3). Five
rhizosphere samples (Medicago sativa – L1_1, L1_3 and
Zea mays – K1_1, K1_3, K2_2) were microscopically
negative. Further examination of the obtained results was
conducted by FRET PCR.

Molecular analysis

This study reports successful PCR amplification for 5 (5/10;
50.0%) positive cases. The samples of five Acanthamoeba –

positive samples, detected by PCR method, were sequenced to
identify the species. Sequence analysis using a BLAST search
indicated an identity of >98% with Acanthamoeba 18r rRNA
gene reference sequences. It was found that all obtained
sequences of amoebae isolates from the cases belong to the
different T4 genotypes Acanthamoeba spp. Neighbor-joining
analysis inferred relationships between the PCR products
isolated from rhizosphere samples reference strains obtained
from NCBI GenBank, shown in Figure 2, respectively.

Figure 2. Phylogenetic relations of Acanthamoeba species PCR product sample L1_2, sample L1_3, sample K2_1, sample K2_1, sample
K2_3, and reference strains from NCBI GenBank inferred by neighbor-joining analysis from pairwise comparisons (180-bp fragments)
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DISCUSSION AND CONCLUSIONS
Studies of Acanthamoeba have grown exponentially. To the
best of our knowledge, this is the second study of occurrence
of Acanthamoeba similar to T4 genotypes in rhizosphere
samples from Hungary. These organisms have gained
attention from the broad scientific community studying
environmental biology, molecular biology, and biochemistry.
Literature describes T4 genotype Acanthamoeba, as the most
common in the environment. These results are consistent
with previous findings indicating that T4 is worldwide
predominant [21–24].

However, the correct understanding of the factors influ-
encing the occurrence of the different species appears of great
concern, as these amoebae are free-living organisms, and
their potential capabilities to cause severe infections of the
central nervous system, ocular keratitis, and other disorders
are now ascertained worldwide.

All the isolates in this study exhibitedmorphological features
of the genusAcanthamoeba confirmed bymeans of quantitative
real-time PCR. Quantitative real-time PCR with FRET hybrid-
ization probes method is the most sensitive with a short
turnaround time. It is possible even to estimate the parasite
number in the samples with method. Therefore, only molecular
methods allow reliable differentiation of the Acanthamoeba
species. Based on rRNA gene sequences, the genus Acantha-
moeba is divided into 21 different genotypes to date (T1–T21).
Each genotype exhibits 5% or more sequence divergence
between different genotypes. Five isolates were characterized
as similar to genotype T4 due to their strict correspondence to
the reference sequences of this genotype (GenBank accession
number: KJ786514, KU936114, KJ786526, and MF197424).
Sequence date indicate that the vast majority of them causes
human infections. Contrary to data on Acanthamoeba
infections in humans, little is known about infections in
rhizosphere. It has been concluded that the rhizosphere isolates
are most closely related to strains commonly isolated from
human infections, especially AK [25–29].

In conclusion, our results confirm and support previous
report on Acanthamoeba genotype free-living amoeba in
rhizosphere soil. A homologous analysis of the 18S rRNA of
five Acanthamoeba species isolated from rhizosphere of maize
and alfalfa was identified into one genotype, namely T4. These
genotypes were associated with AK or encephalitis; therefore,
the presence of Acanthamoeba should be considered as
potential health threat associated with human activity in soil.
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J., Fuentes, I.: Detection and molecular characterization of
Acanthamoeba spp. in stray cats from Madrid, Spain. Exp
Parasitol 188, 8–12 (2018).

10. Corsaro, D., Köhsler, M., Di Filippo, MM., Venditti, D.,
Monno, R., Di Cave, D., Berrilli, F., Walochnik, J.: Update on
Acanthamoeba jacobsi genotype T15, including full-length 18S
rDNA molecular phylogeny. Parasitol Res 116, 1273–1284
(2017).

11. Khan, N. A., Jarroll, E. L., Paget, T. A.: Molecular and physio-
logical differentiation between pathogenic and nonpathogenic
Acanthamoeba. Curr Microbiol 45, 197–202 (2002).

12. Jones, D., Visvesvara, G., Robinson, N.: Acanthamoeba polyphaga
keratitis and Acanthamoeba uveitis associated with fatal menin-
goencephalitis. Trans Ophthalmol Soc UK 95, 221–231 (1975).

13. Schroeder, J. M., Booton, G. C., Hay, J., Niszl, I. A., Seal, D. V.,
Markus, M. B., Fuerst, P. A., Byers, T. J.: Use of subgenic 18S
ribosomal DNA PCR and sequencing for genus and genotype
identification of Acanthamoebae from humans with keratitis
and from sewage sludge. J Clin Microbial 39, 1903–1911 (2001).

Acta Microbiologica et Immunologica Hungarica6767  67 –174 17567 (2020) 3, 171



14. Walochnik, J., Scheikl, U., Haller-Schober, E. M.: Twenty years
of Acanthamoeba diagnostics in Austria. J Eukaryot Microbiol
62, 3–11 (2015).

15. Neelam, S., Niederkorn, J. Y.: Pathobiology and immunobiol-
ogy of Acanthamoeba keratitis: Insights from animal models.
Yale J Biol Med 90, 261–268 (2017).

16. Page, F. C.: A New Key to Freshwater and Soil Gymnamoebae.
Freshwater Biological Association, Ambleside, Cumbria, 1988,
122 p.

17. Orosz, E., Farkas, Á., Ködöböcz, L., Becsák, P., Danka, J.,
Kucsera, I., Füleky, G.: Isolation of Acanthamoeba from the
rhizosphere of maize and lucerne plants. Acta Microbiol
Immunol Hung 60, 29–39 (2013).

18. Altschul, S. F., Gish, W., Miller, W., Myers, E. W., Lipman, D. J.:
Basic local alignment search tool. J Mol Biol 215, 403–410 (1990).

19. Corpet, F.: Multiple sequence alignment with hierarchical
clustering. Nucleic Acids Res 16, 10881–10890 (1988).

20. Tamura, K., Stecher, G., Peterson, D., Filipski, A., Kumar, S.:
MEGA6: Molecular evolutionary genetics analysis version 6.0.
Mol Biol Evol 30, 2725–2729 (2013).

21. Montalbano Di Filippo, M., Santoro, M., Lovreglio, P., Monno,
R., Capolongo, C., Calia, C., Fumarola, L., D’Alfonso, R.,
Berrilli, F., Di Cave, D.: Isolation and molecular characteriza-
tion of free-living amoebae from different water sources in
Italy. Int J Environ Res Public Health 12, 3417–3427 (2015).

22. Üstüntürk-Onan, M., Walochnik, J.: Identification of free-
living amoebae isolated from tap water in Istanbul, Turkey.
Exp Parasitol 195, 34–37 (2018).

23. Reyes-Batlle, M., Hernández-Piñero, I., Rizo-Liendo, A.,
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