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Abstract

Acanthamoeba keratitis (AK) is an infection that is mostly observed in contact lens wearers. It is often misdiagnosed caus-
ing delays in the administration of the correct treatment. The aim of this study was to report the outcome of clinical and
molecular diagnosis of AK cases during the summer of 2019 in the southern region of Brazil. Three suspected cases of AK
were discovered after an ophthalmic examination at a public hospital in the city of Porto Alegre. These cases were then
confirmed through laboratory diagnosis (cell culture and molecular analysis by PCR and sequencing). In each of the three
clinical sample cell cultures of corneal scraping and molecular analysis confirmed the presence of Acanthamoeba spp., all
belonging to the morphological group II and to the genotype T4, which is the most common genotype associated with AK. In
addition, Acanthamoeba spp. isolated from one of the clinical samples was found to harbor the Candidatus Paracaedibacter
acanthamoeba, a bacterial endosymbiont. The presence of Ca. Paracaedibacter acanthamoeba in clinical isolates requires
further research to reveal its possible role in the pathogenicity of Acanthamoeba infections.

Keywords Acanthamoeba Keratitis - Contact lenses - Genotype T4 - Endosymbiont - Candidatus Paracaedibacter
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Introduction affects the brain of immunosuppressed individuals, and

Acanthamoeba Keratitis (AK), which is associated with

Acanthamoeba is a genus of free-living amoebae (FLA)
widely distributed and isolated from water, soil, and air
(Schuster and Visvesvara 2004). Trophozoites are the active
stage of these microorganisms while the cysts are the resist-
ance form (Khan 2006). Acanthamoeba spp. can cause dis-
eases such as Granulomatous Amoebic Encephalitis, which
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healthy individuals, mostly contact lenses (CL) wearers
(Khan 2006). Symptoms of AK include severe eye pain
disproportionate to clinical signs, foreign body sensation,
decreased vision, and photophobia (de Lacerda and Lira
2021). The gold standard diagnosis of AK is performed by
amoeba isolation from corneal scraping followed by molecu-
lar analysis (Costa et al. 2017).

However, AK is often misdiagnosed clinically as herpes
simplex or fungal infection (Padzik et al. 2018) which leads
to a delay in correct diagnosis and treatment. Therefore,
the disease can progress to a corneal transplant and lead
to blindness when not treated properly (Lorenzo-Morales
et al. 2013). The first reported case of Acanthamoeba spp.
in CL wearers occurred in 1974 in England (Nagington et al.
1974). In Brazil, the first four cases occurred in 1988 (Nosé
et al. 1988). Another study reported 28 cases of Acantham-
oeba spp. from 1994 to 2016, in southern Brazil (Santos
et al. 2018). The increased number of cases diagnosed every
year is probably due to the popularization of CL, lack of
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hygiene and care, exposure to water, and ineffectiveness of
solutions for disinfecting and cleaning them (Aguiar et al.
2013). Acanthamoeba spp. also serves as a reservoir for
amoeba-resistant microorganisms (ARM), such as bacteria,
viruses, and fungi, being considered the “Trojan horse” of
the microbial world (Greub and Raoult 2004). The survival
of these microorganisms within the FLA (endosymbionts)
can enhance their virulence and pathogenicity (Guimaraes
et al. 2016; Miiller et al. 2016). ARM are protected from
biocides (disinfectants, multipurpose solutions for contact
lenses, antiseptics, among others), especially if they are
within the cysts (Balczun and Scheid 2017).

Some bacteria of the genus Pseudomonas increase the
resistance of Acanthamoeba spp. to disinfection solutions
by creating a biofilm on the surface of the CL thus increas-
ing the retention of the amoebae (Iovieno et al. 2010). The
aim of this study was to report the outcomes of clinical and
molecular diagnosis of three cases of AK in patients treated
at the Hospital de Clinicas de Porto Alegre (HCPA), RS,
from January to March 2019.

Materials and methods
Informed consent

Three patients were interviewed and signed an informed
consent (Supplementary Information) accepting to partici-
pate. The study had no potential risk and adhered to the ten-
ets of the Declaration of Helsinki involving human research
and was approved by the HCPA Research Ethics Committee,
Opinion No. 1.405.611/CAEE: 47,915,215.2.0000.5327.

Morphological characterization of Acanthamoeba
spp-

All three patients underwent corneal scraping. The mate-
rial was collected at HCPA, using a swab, stored in saline
solution, and kept refrigerated until the cultivation in the
laboratory.

The corneal scrape content in saline solution was centri-
fuged at 1800 rpm for 10 min and transferred to plates with
1.5% non-nutrient agar (NNA) with a layer of Escherichia
coli inactivated by heat for the monoxenic culture. The plates
were incubated at 30 °C and observed for 15 days under
an optical microscope for visualization of trophozoites and
cysts.

The material was collected from the plates and placed
into culture bottles with PYG medium (2% peptone protease,
0.2% yeast extract, and 1.8% glucose) supplemented with
antibiotics (penicillin 100 U/mL and streptomycin 100 pg/
mL) for axenic culture.
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The morphological characterization of Acanthamoeba
spp. was performed through the removal of the cysts from
the plates of each clinical sample. An ocular micrometer
scale was used under an optical microscope to measure 10
cysts of each clinical sample. The morphological charac-
teristics of the trophozoites and cysts were analyzed (Page
1988), and the analysis of morphological groups I, II, and
III was based on cyst size and shape (Khan 2006; Pussard
and Pons 1977).

The detection of endosymbionts present in the Acantham-
oeba spp. clinical samples was performed through fluores-
cence microscopy using an Olympus BX41 microscope
(Olympus America) containing a filter for DAPI Sigma-
Aldrich® (4'6’-diamidino-2-phenylindole dihydrochloride),
with maximum absorption of 358 nm (Kapuscinski 1995).

Molecular diagnosis

The DNA extraction and purification from each patient
sample and from positive control (a strain of ATCC 30,010
Acanthamoeba castellanii Neff) were performed using the
Spin 50 ® Isolation DNA Kit (KASVI) according to the
manufacturer’s instructions. The purified DNA was quan-
tified using Nano Spectrophotometer (K23-0002-KASVI).

The detection by PCR of the Acanthamoeba spp. was per-
formed using the set of primers JDP1 (5'-GGCCCAGAT
CGTTTACCGTGAA-3") and JDP2 (5'-TCTCACAAGCTG
CTAGGGAGTCA-3"), which amplify the ASA.S1 region of
the 18S rDNA gene and are specific to the Acanthamoeba
genus (Schroeder et al. 2001). The universal primers used
for identification of ARM were FD1 (5'-AGAGTTTGATCC
TGGCTCAG-3') and RP2 (5'-ACGGCTACCTTGTTACGA
CTT-3'), which amplify the 16S rDNA of domain Bacteria
(Weisburg et al. 1991).

The amplification reactions were performed in a final vol-
ume of 25 pL, containing 10 pmol of each primer, 2.5 mM
of dNTPs, 50 mM of MgCl,, 2.5 uL of 10X buffer and 1
U of Taq polymerase (Ludwig Biotec®). The PCR cycling
parameters were set as follows: initial denaturation at 94 °C
for 5 min, then 94 °C for 45 s, 60 °C for 40 s, and 72 °C for
1 min and 15 s, and a final extension at 72 °C for 5 min for
18S rDNA gene; and 94 °C for 5 min, then 94 °C for 45 s,
56 °C for 40 s and 72 °C for 1 min and 15 s, and a final
extension at 72 °C for 5 min for 16S rDNA.

The electrophoresis of the amplicons was performed on
a 1.2% agarose gel, and the PCR products were directly
sequenced by the Sanger method using an ABI Prism
3500 Genetic Analyzer sequencer (Applied Biosystems).
The chromatogram analysis and trimming of low-quality
sequences were performed in Chromas 2.6.6 (http://techn
elysium.com.au). The forward and reverse sequences were
aligned using ClustalW 2.1 (http://www.clustal.org/clust
al2/), and the consensus sequences were refined using
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GeneDoc 2.7 (https://genedoc.software.informer.com/2.
7/). The nucleotide sequences generated have been deposited
in the Genbank database and were submitted to homology
analysis using the NCBI BLAST program (http://www.ncbi.
nlm.nih.gov/BLAST), with default parameters.

Nucleotide sequences from reference Acanthamoeba
genotypes retrieved from NCBI GenBank were aligned
using ClustalW 2.1. The phylogenetic relationship of the
aligned sequences was determined using MEGA 7 (Kumar
et al. 2018), using the neighbor-joining method, with 1000
bootstrap replications.

Results
Case reports
Case 1

In January 2019, a 24-year-old female sought medical treat-
ment, reporting decreased vision, severe pain, eyelid swell-
ing, redness, and irritation in her right eye. She had been
wearing disposable soft CL for 18 months before her admis-
sion to the hospital. The patient used a multipurpose solution
to clean her lenses, whose formulation had different chemi-
cal components, including biocides and surfactants. She
reported that the saline solution used for rinsing was kept
out of the refrigerator and without respecting the expiration
date. The patient used to shower with her lenses on. She
usually bought them at the ophthalmology office, however
had already purchased them through the internet. Before the
appointment at the hospital, the patient had already been

Fig. 1 Clinical signs of Acan-
thamoeba keratitis. A Eye with
mild corneal central edema
and perineuritis (patient 1); B
central ring infiltrate with hypo-
pium (patient 2); C dense ring
infiltrates with great involve-
ment of the central axis of the
cornea (patient 3); D corneal
transplant (patient 2). Photos:
Diane Marinho (ophthalmolo-
gist). Original picture

treated with allergy ointments and eye drops for a month
without clinical improvement. The biomicroscopy exam
revealed central stromal infiltrate, signs of perineuritis, and
intense conjunctival hyperemia (Fig. 1A).

After a corneal scraping, a specific topical treatment
for Acanthamoeba spp. was started (chlorhexidine 0.02%,
biguanide 0.02%, and brolene). This patient had a favorable
clinic response, regaining her vision after 4 months of treat-
ment, without needing a corneal transplant.

Case 2

In February 2019, a 23-year-old male, disposable soft CL
wearer for 3 years, sought the ophthalmology service of the
hospital. The patient reported pain in his left eye for at least
2 months. He used a multipurpose solution and also a saline
solution that were stored outside the refrigerator for about
1 month. The patient reported that he wore lenses during
bathing and showering and sometimes would not remove
them to sleep. He often washed his lenses case with tap
water without drying it, filled it with a multipurpose solu-
tion, and then stored the lens. The patient acquired his CL at
the eye clinic. About 40 days before the consultation at the
hospital, he had already been diagnosed with herpes sim-
plex and started treatment with Aciclovir® without success.
The patient complained of pain and irritation in his left eye.
A biomicroscopy exam showed a central corneal infiltrate
with edema, punctate keratitis, and retro-keratic precipitates
(Fig. 1B). The treatment was performed with biguanide
0.02%, chlorhexidine 0.02%, and gatifloxacin 0.3% eye
drops. In spite of the treatment, there was an appearance
of hypopyon, worsening of the stromal ring infiltrate, and
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central thinning. The patient underwent a corneal transplant
30 days after the treatment (Fig. 1D). An anatomopathologi-
cal exam of the graft confirmed AK. Specific treatment was
maintained after 6 months of postoperative with no relapse
of the disease in the graft. The patient had a complete visual
acuity recovery.

Case 3

In March 2019, a 42-year-old male came to the hospital,
reporting vision loss, photophobia, and irritation in both
eyes during the last 15 days. His visual acuity was assessed
by the counting fingers method in both eyes. He had been
wearing disposable soft CL for 25 years and used only a
multipurpose solution for cleaning and disinfecting his CL
acquired in an optical shop. He used to shower while wear-
ing CLs. A biomicroscopy exam revealed a bilateral central
corneal infiltrate with a larger epithelial defect in his left eye
(Fig. 1C). AK was suspected, and specific topical treatment
was started with: brolene 0.1%, chlorhexidine 0.02%, and
biguanide 0.02%, used every hour, in addition to gatifloxacin
0.3%. After more than 2 months of treatment, there were no
signs of clinical improvement culminating in corneal trans-
plantation in the left eye. An anatomopathological exam
of the graft confirmed AK. The right eye had a favorable

Fig.2 Morphological analy-
sis of Acanthamoeba spp. A A
Trophozoite and B cyst culture

of patient 1 at the optical

microscopy (X 1000); C and D

trophozoite carrying endos-

ymbionts culture of patient 3

analyzed by optical microscopy

(x 1000) and fluorescence

microscopy (DAPI Sigma-

Aldrich®), respectively. Scale

bar 10 pm

S 1
.
-~ J/
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clinical response with the treatment. Although the corneal
scraping in his right eye did not show AK, the patient contin-
ued the treatment for approximately 6 months until the total
epithelization of the corneal ulcer. A corneal transplant, in
his right eye, was performed 1 year after the infection to treat
the residual corneal scar. Until the last follow-up visit, there
was no relapse of the disease in both grafts, and the patient
recovered his visual acuity in both eyes.

Acanthamoeba isolation and morphological
characterization

The isolation of Acanthamoeba spp. from corneal scraping
allowed the detection of trophozoites (Fig. 2A and C), cysts
(Fig. 2B), and endosymbionts (Fig. 2D) in the culture plates
from patients 1 and 3 after 48 h. At this point, the culture
plates from patient 2 were negative for the Acanthamoeba
spp- In fact, the presence of trophozoites and cysts in the
clinical sample from patient 2 was only possible through
culture using the cornea directly after transplantation.

The isolation of Acanthamoeba spp. of corneal scraping
from patient 1 (Fig. 2A and B) and patient 3 (Fig. 2C and D)
allowed the detection of trophozoites and cysts in the culture
plates after 48 h.

10 ym 10 pm

10 pm
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The average size of measured cysts was 15.09, 15.86,
and 15.02 pm from patients 1, 2, and 3, respectively,

A

1 2 34 56 7 8 910

1 23 456 78 910

Fig.3 Agarose gel electrophoresis of PCR products. In both agarose
gels (1.2%), lane 1 indicates a molecular size marker; lanes 2 and 3:
positive control (Acanthamoeba castelanii DNA for 18S and Escheri-
chia coli DNA for 16S); and lane 10: negative control. A Amplicons
obtained using specific primers for the Acanthamoeba genus. Lanes 4
and 5: patient 1; lanes 6 and 7: patient 2; lanes 8 and 9: patient 3. B
Amplicons obtained using specific primers for the Bacteria domain.
Lanes 4 and 5: patient 1; lanes 6 and 7: patient 3; lanes 8 and 9:
patient 2. Lanes 2, 4, 6, and 8 are amplicons generated using 50 ng
of DNA template, while lanes 3, 5, 7, and 9 are amplicons generated
using 100 ng of a DNA template

Fig.4 Phylogenetic relationship
among the three AK clinical
cases and reference Acantham-
oeba genotypes. The 18S rDNA
sequences from Acanthamoeba
spp. were retrieved from the
NCBI database. The phylo-
genetic tree was constructed
using the neighbor-joining
method, and the distances were
computed using the maximum
composite likelihood method.

and presented endocyst of starry and triangular shapes
according to the classification of morphological groups
(Schroeder et al. 2001).

Molecular characterization of Acanthamoeba
clinical isolates

The presence of Acanthamoeba spp. was detected in all
three clinical samples, as demonstrated by the single
strong band of 500 bp, generated after amplification of
the ASA.S1 region of the 18S rDNA using a genus-specific
set of primers (Fig. 3A).

The nucleotide sequences analyzed with the BLAST
program revealed that the three clinical samples have
the highest identities (99-100%) with Acanthamoeba
18S rDNA. The nucleotide sequence from patient 1
(MZ404337) was 100% (341/341), identical to the Acan-
thamoeba sequence MH100838 (E-value 2e-176, 100%
query cover, and no gap). The nucleotide sequence from
patient 2 (MZ404336) was 99.56% (455/457), identi-
cal to the Acanthamoeba sequence MN153014 (E-value
0.0, 100% query cover, and one gap). And the nucleo-
tide sequence from patient 3 (MZ404332) was 99.78%
(464/465), identical to the Acanthamoeba sequence
MN153013 (E-value 0.0, 100% query cover, and one gap).

In order to determine the genotype of the three clini-
cal isolates, a phylogenetic tree containing sequences
from reference Acanthamoeba genotypes was constructed
(Fig. 4). The three nucleotide sequences from the clini-
cal samples were clustered with Acanthamoeba castella-
nii Neff ATCC 50,373 (U07416), which is typed as T4
genotype.

Acanthamoeba sp. NEH17 (MN153013)
AK Case 3 (MZ404332)

A. castellanii Neff (U07416) T4
Acanthamoeba sp. $21 (MN153014)
Acanthamoeba sp. CHI6715 (MH100838)
AK Case 1 (MZ404337)

95 AK Case 2 (MZ404336)

Acanthamoeba sp. 0SU-07-019 (MN239986) T4
L Acanthamoeba sp. AcaVNO6 (GQ397468) T3

A. castellanii CDC:0981:V006 (U07400) T1

Acantt ba sp. ESC (AB425956) T2

A. palestinensis (AF019063) T6

77

46

Bootstrap values (1000 rep-
licates) are shown next to the
branches

A. lenticulata (U94741) T5
Acantt ba sp. Ac_P4 (GU808320) T10
I— A. tubiashi 0C-15C (AF019065) T8

A. comandoni (AF019066) T9

100 |
371— A. astronyxis (AF019064) T7
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Molecular characterization of Acanthamoeba
endosymbiont

The presence of a bacterial endosymbiont was detected only
on patient 3 sample, as demonstrated by the single strong
band of 1500 bp, generated after amplification of a frag-
ment from 16S rDNA using bacteria domain set of primers
(Fig. 3B). The nucleotide sequence from the bacterial endo-
symbiont detected on patient 3 sample (MZ409800) was
also analyzed with the BLAST program and matched with
bacterial 16S rDNA. This sequence was 99.51% (808/812),
identical to the sequence registered in GenBank database
CP008941 from Candidatus Paracaedibacter acanthamoe-
bae (E-value 0.0, 100% query cover, and three gaps).

Discussion

The demand for CL has continually increased not only due
to the growing prevalence of eye disorders but also due to
the increasing popularity of their cosmetic use. Three AK
patients reported in this study were soft CL wearers. Soft CL
have some advantages over rigid ones, being easier to adjust
and much more comfortable. However, cleaning and mainte-
nance of soft CL are more laborious and may offer risks of
eye infections if the wearers fail to clean, disinfect, and store
them as recommended (Cope et al. 2017). Several studies
show that the majority of wearers use soft CL (Gomes et al.
2016; Santos et al. 2018), and, consequently, they are more
prone to eye complications and infections.

Proper cleaning of the CL and CL cases with a fresh mul-
tipurpose disinfecting solution is a basic hygiene habit to
prevent eye infections (Santos et al. 2018). All patients from
this study were using a multipurpose solution to clean their
CL and storage cases, but this practice was not enough to
avoid their AK infection. Although multipurpose solutions
have many antimicrobial components, their effectiveness is
limited (Lee et al. 2018). Indeed, a few bad hygiene habits
were mentioned by the patients from this study. Concern-
ing the saline solution used for CL rinsing, they reported
that the solution was kept out of refrigeration and without
respecting the expiration date. In relation to CL case care,
it was reported that tap water was often used to wash the
case without letting it dry, before storing the lenses with the
multipurpose solution. These practices have been previously
described as risk factors for AK (Brown et al. 2018; Steele
and Szczotka-Flynn 2017). Therefore, greater care is needed
in relation to the cleaning and maintenance of the CL and
storage cases in order to avoid contamination. Three patients
used to wear their lenses during showering and swimming.
In addition to proper cleaning, other healthy habits that
should be followed by CL wearers include not sleeping
with the lenses and removing them before showering and
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swimming (Fabres et al. 2018). Besides, these cases were
reported during the summer, a period in which people spend
more time in swimming pools and beaches, forgetting the
proper care in cleaning and disinfecting their lenses.

Two patients purchased their CL over the Internet or from
unreliable providers, which places the individuals at higher
risk of eye complications since they tend to participate in
more risky behaviors concerning both cleaning and wearing
habits. In addition, a decrease in eye examination frequency
has been observed in individuals who have these purchasing
practices, resulting in a significant delay between symptoms
and medical care (Young et al. 2014; Mingo-Botin et al.
2020).

The clinical suspicion of AK takes into consideration the
patient history, clinical signs, and symptoms (Khan 2006).
Once clinical signs of AK are suspected, it is very important
to proceed with laboratory diagnosis confirmation.

In this study, the cell culture of Acanthamoeba was the
first step in the laboratory diagnosis. In the three clinical
samples, Acanthamoeba spp. belonged to morphologi-
cal group II, which includes most Acanthamoeba species
responsible for meningoencephalitis and keratitis cases. In
addition, this group of amoeba is commonly isolated from
the environment, where many microorganisms can be phago-
cytosed and eventually become endosymbionts (Schroeder
et al. 2001).

The molecular detection of Acanthamoeba was the sec-
ond step in the laboratory diagnosis of the three clinical
samples analyzed. Both PCR amplification and nucleotide
analysis of the 18S rDNA gene corroborated the presence
of Acanthamoeba spp. in all clinical samples. When pos-
sible, it is interesting to go even further in the etiologic
agent characterization, determining it at the species level
and especially its genotype. In this sense, the phylogenetic
relationship analysis pointed out that the three clinical iso-
lates were T4 genotype, as suggested by their clustering with
Acanthamoeba castellanii Neff ATCC 50,373, which is well
known as T4 genotype strain. The T4 genotype is the most
commonly found in amoebic keratitis (Marciano-Cabral and
Cabral 2003).

Another aspect that is interesting to investigate in AK
confirmed cases is the potential presence of endosymbionts.
The presence of bacterial endosymbionts was investigated
in all three clinical samples, and it was only detected in the
sample from patient 3. Interactions of free-living amoebae
with microorganisms can benefit the protozoan, and many
bacteria have developed strategies to resist phagocytosis,
survive intracellularly, and multiply inside Acanthamoeba
species (Souza et al. 2017).

The endosymbiont organisms can induce a change in
the amoeba phenotype, contributing directly to the disease
(Balczun and Scheid 2017). Molecular analysis identified
the endosymbiont as Ca. Paracaedibacter acanthamoebae



Parasitology Research (2022) 121:1447-1454

1453

(Horn et al. 1999), which belongs to the Holosporales order
(Alphaproteobacteria class), a group of intracellular para-
sites of eukaryotes (Mufioz-G6émez et al. 2019). Ca. Para-
caedibacter acanthamoebae have been identified mostly in
Acanthamoeba environmental isolates (Rayamajhee et al.
2021), and its clinical implication in Acanthamoeba infec-
tions has not been described so far. Although the exacerba-
tion of AK in patient 3 was evident, leading to corneal trans-
plantation in both eyes, the results obtained in this study are
not enough to correlate the endosymbiont presence with the
AK outcomes of this case. However, the presence of endos-
ymbionts in Acanthamoeba spp. reveals the need for further
research in order to elucidate the mechanisms involved in
the interaction between the amoeba and its endosymbionts
and the possible role in the pathogenicity of Acanthamoeba
infections.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00436-022-07474-y.
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