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Abstract Thus far there is little data available concerning
Acanthamoeba associated amoebic keratitis (AK) from
Italy. In order to understand the incidence of Acanthamoeba
in patients with ocular infections and to characterize the
isolates at the molecular level, ocular specimens and
contact lenses or lens case solutions from 140 patients
were analysed by culture and by an 18S rRNA (Rns) gene-
based PCR method. Nineteen (13.6%) patients showed
Acanthamoeba culture positive samples. Eleven out of the
14 genetically characterized isolates were assigned to the

T4 genotype. Three isolates, two of them from patients with
keratitis responding to specific anti-Acanthamoeba therapy,
were identified as belonging to the T15 genotype. This
finding represents the first association between the T15
genotype and human amoebic keratitis. PCR amplification
of the 18S ribosomal DNA proved to be a sensitive method,
potentially able to detect Acanthamoeba without the need
of long culture incubation, and thus considerably useful for
clinical applications.

Introduction

Acanthamoeba spp. are ubiquitous free-living amoebae,
typically widespread in soil and water and known as
opportunistic protozoa able to infect humans. In healthy
individuals, Acanthamoeba can be a cause of infections of
the central nervous system, as well as of amoebic keratitis
(AK), a seriously painful and vision-threatening ulceration
of the cornea [1].

The taxonomy of the genus is mainly based on
morphological features such as size and cyst morphology
[2], and only recently the application of molecular tools, in
particular sequencing of 18S rRNA genes, has allowed the
classification of Acanthamoeba into 15 genotype groups
designated as T1–T15 [3–7]. Amoebic keratitis is caused by
a wide variety of Acanthamoeba spp., most of which
belonging to the T4 rDNA complex [3]. The high
proportion of T4 Acanthamoeba associated with keratitis
could be attributed to its greater virulence and wide
spreading in the environment with respect to other
genotypes [8]. At present, also the T2, T3, T5, T6, and
T11 genotypes have been associated with AK [3, 8–12].
The other genotypes have been found related to non-AK
infections and/or environmental sources [13].
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In Italy the first report of Acanthamoeba human
infection dates back to the 1990s in one HIV-positive
patient with meningoencephalitis [14], followed by a
clinical case of one patient with bilateral keratitis [15, 16].
A few years later three cases of Acanthamoeba keratitis
associated with the use of contact lenses were reported by
Mancino et al. [17]. Evidence of Acanthamoeba infection
rates in Italy comes indirectly from serological investiga-
tions, where 3.7–4.5% of people showed antibodies against
Acanthamoeba castellanii [18]. As regards the occurrence
of Acanthamoeba in the environment, only one survey has
hitherto been carried out in Italy, reporting a percentage of
5.2% of Acanthamoeba spp. in samples isolated from water
and mud, collected in thermal baths and mud-basins [19].

Considering the very limited data concerning Acantha-
moeba associated AK from Italy and the absence of
information on genotype distribution in clinical samples,
the aim of this work was to evaluate the occurrence of
Acanthamoeba in patients with ocular infections, to
characterize the recovered isolates at molecular level by
sequencing a portion of the 18S rRNA gene (Rns), and to
analyse the degree of genetic variation at intra-genotype
level by sequencing the DF3 highly variable region.

Materials and methods

From January 2006 to February 2008, a total of 140 patients
(65 males and 75 females), admitted to the Ophthalmology
Clinic (Policlinico Hospital, University of Bari) for ocular
infections, were examined for Acanthamoeba. One hundred
twenty-three corneal swabs or corneal scrapings, 26 con-
junctival swabs, one vitreous specimen, and 57 contact lens
or lens case solutions were analysed. Both conjunctival/
corneal swabs or corneal scraping and contact lenses or lens
case solutions were obtained from 53 patients.

Amoeba culture

Amoeba culture was performed according to Khan [7].
Briefly, clinical specimens were transferred to Page’s
amoeba saline and centrifuged at 800×g for 5 min. The
sediment was suspended. Isolation of Acanthamoeba was
performed on 1.5% non-nutrient agar (Difco, Milan, Italy)
made with Page’s amoeba saline and overlayed with a 24-h old
culture of Escherichia coli. The precoated agar plates were
incubated with 2–3 drops of the above suspension and
incubated at 30°C. The plates were examined for trophozoites
and cysts directly under microscope daily for 7 days. When
amoebae were detected, a small piece of agar was cultured on
the surface of a fresh agar plate pre-coated with bacteria and
incubated as described above to maintain the strains. Plates
were stored at 4°C for the molecular studies.

Molecular procedures

The growing amoebae were harvested from culture plates
with a sterile applicator, placed in Eppendorf tubes with
100 µl of physiological solution, and mixed by a vortex.
DNA extractions were performed using the QIAamp DNA
Micro Kit (Qiagen, Italy). The PCR procedure was carried
out to amplify a 405-bp region from the 18S-rRNA gene
(Rns) defined as ASA.S1 that includes Diagnostic Frag-
ment 3 (DF3), using the genus-specific primers JDP1 and
JDP2 [13]. The ASA.S1 fragment allows the specific
detection of Acanthamoeba since it is discriminating for
the genus and can be obtained from all known 18S rDNA
genotypes [13]. The amplifications were carried out in a
25 µl volume containing 12.5 µl PCR master mix 2X
(Promega, Italy), 5 µl template DNA, and 0.6 mM of each
primer and were performed in a iCycler Thermal Cycler
(BioRad, Italy).

The cycling conditions were: a denaturing step at 96°C
for 2 min, 35 cycles of denaturing for 1 min at 96°C,
annealing for 1 min at 60°C, and extension for 1 min at
72°C, followed by a final extension for 7 min at 72°C.
One negative control was included in each batch of DNA
extraction and PCR reaction. The PCR products were
visualised by electrophoresis on 1% agarose gel stained by
SYBR Safe DNA gel stain (Invitrogen). PCR products
with the expected size were excised from the gel and DNA
was purified using a NucleoSpin Extract (Macherey-
Nagel) purification kit and sequenced for both strands by
Bio-Fab Research (Italy).

Sequence analysis

Assignment to genotypes was performed by sequence
comparison and phenetic analysis.

Multiple alignments were performed using ClustalW2
[20] in comparison with sequences available in GenBankTM
for Acanthamoeba genotypes under the following accession
numbers: T1: A. castellanii CDC:0981:V006 (U07400); T2:
A. palestinensis Reich; ATCC 30870 (AF479563); T3: A.
griffini S-7 ATCC 30731 (U07412); T4: A. castellanii Neff
ATCC 50373 (U07416); T4: Acanthamoeba sp. S27
(DQ087323); T5: A. lenticulata PD2S (U94741); T6: A.
palestinensis 2802 (AF019063); T7: A. astronyxis CCAP
1534/1 (AF239293); T8: A. tubiashi OC-15C (AF019065);
T9: A. comandoni Comandon & de Fonbrune (AF019066);
T10: Acanthamoeba sp. CDC # V369 (AY703001); T11:
Acanthamoeba sp. PN14 (AF333608); T12: A. healyi CDC
1283:V013 (AF019070); T13: Acanthamoeba sp. UWC9
(AF132134); T14: Acanthamoeba sp. PN15 (AF333607);
and T15: A. jacobsi AC305 (AY262365).

The 14 sequences obtained in our study were deposited
in the GenBankTM database and are available under the
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accession numbers: EF654665-EF654667, EU741250-
EU741257, and FJ195367-FJ195369 (Table 1).

The phenetic relationships within the genus were studied
based on both the ASA.S1 and DF3 sequences. Three
distinct datasets were analysed, one including the entire
sequence, one excluding the DF3 region, and one repre-
sented only by the DF3. The first two data sets were used
for distance-based analyses performed by MEGA version 4
[21], conducted using the maximum composite likelihood
distance estimates, and trees were constructed by the
Neighbour-Joining algorithm. Bootstrap values were calcu-
lated by analysing 1,000 replicates. The intra-genotype
genetic variation was assessed by comparison of the highly
variable region DF3.

Results

Nineteen out of 140 (13.6%) patients had Acanthamoeba
culture positive samples, of which 18 were contact lens
wearers. In nine patients Acanthamoeba was isolated from
ocular specimens only, in four patients from both corneal
swabs and contact lenses, and in six cases only from
contact lenses. Clinical presentations ranged from chronic
conjunctivitis to corneal abscess or ulceration, keratitis, and
panuveitis in one patient.

In particular, one case of chronic conjunctivitis was
described in a no lens wearer patient. In this case
Acanthamoeba was isolated from a conjunctival swab in
October 2006, but for the unusual clinical picture, no
specific treatment for Acanthamoeba was undertaken.
Considering the persistence of conjunctivitis-related symp-
toms, another conjunctival swab was examined 6 months
later—again, Acanthamoeba sp. was isolated and a specific
therapy was started with complete resolution of conjuncti-
vitis. Another patient displayed a severe bilateral keratitis.

The same strain of Acanthamoeba was isolated from
corneal swabs of both eyes and from both contact lenses.

As for the molecular characterization of the isolates,
interpretable sequences were obtained from 14 out of 19
positive samples (Table 1).

Eleven out of the 14 sequences revealed a strict
correspondence with the available sequences of the T4
genotypes. The percentage of identity between the obtained
sequences and the two T4 sequences chosen as reference
(accession numbers DQ087323 and U07416) ranged from
96.81% to 100% using the entire dataset and from 98.69%
to 100% using the dataset excluding the highly variable
region DF3. The two NJ trees obtained using the datasets
including and excluding the DF3 variable region revealed
similar topologies (Figs. 1 and 2, respectively). The trees
showed that 11 isolates are strictly related with each other
and with two Acanthamoeba castellanii genotype T4
chosen as references. Three of the 14 isolates analysed
(ACA5, ACA12, and ACA14) showed a strict correspon-
dence with the deposited sequences for the genotype T15,
corresponding to the species A. jacobsi, with 100% of
sequence identity with the T15 sequence chosen as
reference (accession number AY262365) using both the
“entire” and the “excluding DF3” datasets.

All of the above correspondence were strongly sup-
ported, as depicted by the high bootstrap values obtained in
genotype assignments. On the other hand, the overall tree
topology is not always supported by significant bootstrap
values.

The clinical pictures of the three patients with genotype
T15 Acanthamoeba infection were as follows. The first
patient, a contact lens wearer, displayed symptoms that
included pain, tearing, conjunctivitis, photophobia, and
decreased vision in the right eye for about 1 month,
unresponsive to empirical antibiotic therapy. On examina-
tion, the right eye showed a ring-shaped corneal infiltrate

Table 1 Origin, clinical data, accession numbers and genotype of the Acanthamoeba isolates under study

Isolate Source Clinical presentation Contact lens wearer GenBankTM Accession Number Genotype

Aca1 Conjunctival swab Chronic conjunctivitis No EF654665 T4
Aca2 Corneal scraping Corneal ulceration Yes EF654666 T4
Aca3 Corneal swab Corneal ulceration Yes EF654667 T4
Aca4 Corneal swab Corneal abscess Yes EU741250 T4
Aca5 Corneal swab Corneal abscess Yes EU741251 T15
Aca6 Corneal swab Multiple corneal abscess Yes EU741252 T4
Aca7 Corneal swab Corneal abscess Yes EU741253 T4
Aca8 Corneal scraping Keratitis Yes EU741254 T4
Aca9 Corneal swab Bilateral keratitis Yes EU741255 T4
Aca10 Corneal swab Keratitis Yes EU741256 T4
Aca11 Corneal swab Corneal abscess Yes EU741257 T4
Aca12 Corneal swab Multiple corneal abscess Yes FJ195367 T15
Aca13 Contact lens Corneal abscess Yes FJ195368 T4
Aca14 Vitreous specimen Panuveitis Yes FJ195369 T15
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with diffuse stromal haze. Ipopion was also present. Culture
of a corneal swab revealed the growth of Acanthamoeba
and absence of bacteria and fungi. The patient was treated
with topical 0.02% Polyhexamethylene biguanide (PHMB)
plus 0.02% chlorexidine instilled every 4 hours/day for
3 months plus neomycin. The patient also received oral
fluconazole. A reduction of inflammation, re-epithelialization,
and a partial restoration of visual acuity were obtained. The
second patient, a contact lens wearer, presented with pain,
redness, photophobia, and burned vision in the right eye of
20 days duration. A diagnosis of keratitis was made for the

presence of multiple corneal infiltrates. He was previously
empirically treated with gancyclovir because an herpetic
keratitis was suspected. The corneal swab was culture positive
for Acanthamoeba but not bacteria and fungi. The patient
was topically treated with chlorexidine 0.02% plus prop-
amidine isethionate 0.1% (Brolene) instilled every 4 hours/
day for 3 months plus neomycin. Oral fluconazole was also
administered. Reduction of inflammation and a partial
restoration of visual acuity were observed. The third patient,
a former drug-user and HIV-negative, was admitted with a
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Fig. 1 18S rDNA linearized neighbour-joining tree based on the
entire dataset (including DF3) obtained by using the maximum
composite likelihood distance estimates, 1000 bootstrap replications,
and produced in MEGA 4.0. Abbreviations for Italian isolates are as
defined in Table 1. The T1–T15 designations correspond to sequences
previously determined to be of that particular genotype and available
in GenBankTM under the accession numbers as reported in Materials
and Methods
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Fig. 2 18S rDNA linearized neighbour-joining tree based on the
“excluding df3” dataset obtained by using the maximum composite
likelihood distance estimates, 1000 bootstrap replications, and
produced in MEGA 4.0. Abbreviations for Italian isolates are as
defined in Table 1. The T1–T15 designations correspond to sequences
previously determined to be of that particular genotype and available
in GenBankTM under the accession numbers as reported in Materials
and Methods
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clinical diagnosis of panuveitis. The patient also presented
granulomatous skin lesions that were not microbiologically
investigated. Acanthamoeba was isolated from one vitreous
specimen. The sample was negative for bacteria and fungi
and PCR positive for Epstein Barr virus. Unfortunately, no
further data are available on the development of clinical
signs.

The analysis of the DF3 variable region (alignment
reported in Fig. 3) revealed a percentage of variation among
the isolates identified as belonging to the T4 genotype
ranging from 0% to 15%. Conversely, no nucleotide
variation was observed between the ACA5, ACA12, and
ACA14 isolates, identified as T15 and the reference
sequence AY262365. Interestingly, the analysis of the
DF3 region also showed an identity of 100% when
comparing the DF3 sequences of the six T15 genotype
isolates so far available in GenBankTM.

Discussion

The classification of the genus Acanthamoeba is still under
debate and the precise identification of strains requires
molecular approaches. At least 24 named species have been
described within this genus, many of them containing both
pathogenic and non pathogenic isolates [11, 22]. Pussard and
Pons [23] classified the genus into three morphological
groups; however, this classification has proven to be
unreliable due to alternating cyst appearance. The analysis
of the 18S rDNA proved to be an effective tool for describing
dissimilarities in the genus, thus identifying 12 distinct
sequence types (T1–T12) [3, 9]. Three more sequence types,
T13 [4], T14 [5] and T15 [6], so far not related to a precise
pathogenic picture, have been further described.

This study represents the first characterization of
Acanthamoeba genotypes in Italy, in isolates obtained from
patients showing keratitis-related symptoms.

Eleven out of the 14 isolates genetically characterized
were assigned to the T4 genotype. The high proportion of
Rns genotype T4 strains has been described as the main

factor responsible for Acanthamoeba keratitis infections in
many countries, i.e. in France (8/11, plus additional recent
data) [24, 25], in Greece (4/5) [12], in Hong Kong (12/13)
[26], and in the UK and Iran (17/24) [8], thus providing
further support to the evidence that the T4 genotype plays a
prominent role in the epidemiology of AK human infections.

Consistent genotype assignments were obtained using
two datasets based on sequence alignment of the 18S
nuclear ribosomal DNA, one based on the entire dataset and
the other excluding the DF3 region. The DF3 is one out of
three highly variable portions of the 18S nuclear ribosomal
DNA, and phylogenetic trees based on these regions are
considered useful to better analyse the genetic variability
among the isolates.

However, the topology of the two trees, as evidenced in
Figs. 1 and 2 (including and excluding DF3), seems to
indicate that the DF3 region is a good target to detect intra-
genotype variation, at least for the T4 genotype, rather than
as a tool for genotype assignment. In fact, if excluding the
DF3 region, higher bootstrap values allow a better
resolution of the relationships between the closely related
members of the T3–T4–T11 cluster [13, 22].

Three isolates were identified as belonging to the T15
genotype, putatively assignable to the species Acanthamoeba
jacobsi. This finding represents the first record of human
keratitis due to the T15 genotype, as confirmed by clinical
criteria at least in two out of three cases, thus likely extending
the range of Acanthamoeba genotypes able to determine such
pathogenic effect in humans. This is noteworthy, since
genotype T15 includes only six isolates assigned to the
species A. jacobsi, isolated from different environmental
sources with a wide geographic distribution [6].

Infections caused by pathogenic free-living Acantha-
moeba represent an emerging disease in humans. Because
of technical difficulties in diagnosis, these infections are
likely to be under-diagnosed. The amplification with
primers JDP1 and JDP2 proved to be a sensitive method,
potentially able to detect Acanthamoeba without the need
for long culture incubation, and thus considerably useful for
clinical applications.

ACA1       GGTGCGGTCG TCCTTGGCGT CTCGGTCCTT CACGGGGCCG GGGCGCGGGG GCGGC-T-AG CCCGG
ACA2       .......... .......... .......... .......... .......... .....-.-.. .....
ACA3       .......... .......... .......... .......... .......... .....-.-.. .....
ACA4       ..C....... .......... --.....T.. --........ .--....... .....-.T.. .....
ACA5       ..GT...C.. ........CG TCGT.CG.GG .GAC.C..GC ..CG...A.. ....TG.CT. ....A
ACA6       .......... .......... ......TTC- -----..... ...T...... A....-.T.. .....
ACA7       .......... .......... .......... .......... ..T....... .....-.T.. .....
ACA8       .......... .......... .......... .......... .......... .....-.T.. .....
ACA9       ..C....... .......... G..TCGG... .....CCGG. .C.....A.. ....T-.T.. .....
ACA10      .......... .......... ......TTC- -----..... ...T...... A....-.T.. .....
ACA11      ..C....... .......... --.....T.. --........ .--....... .....-.T.A .....
ACA12      ..GT...C.. ........CG TCGT.CG.GG .GAC.C..GC ..CG...A.. ....TG.CT. ....A
ACA13      .......... .......... .......... .......... .......... .....-.T.. .....
ACA14      ..GT...C.. ........CG TCGT.CG.GG .GAC.C..GC ..CG...A.. ....TG.CT. ....A
T4Neff     ..C....... .......... ..GTCC.T.. ..AC...GGC A......A.. ....T-.T.. .....
T4DQ087323 .......... .......... .......... .......... .......... .....-.T.. .....
T15        ..GT...C.. ........CG TCGT.CG.GG .GAC.C..GC ..CG...A.. ....TG.CT. ....A

Fig. 3 Sequence alignment of
variable region of DF3. The
alignment shown is a subset of
DF3 that contains the highly
variable and informative section
of this fragment. Abbreviations
for samples and relative geno-
type assignments are as defined
in Table 1
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