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Abstract Acanthamoeba keratitis (AK) is a progressive cor-
neal infection that demands rapid and sensitive techniques for
diagnosis to avoid risk of visual impairment. We evaluated
two DNA extraction techniques and a semi-nested-PCR
(snPCR) target ing the 18S rRNA gene to detect
Acanthamoeba cysts and trophozoites. The most effective
protocol was evaluated in samples of corneal scrapings and
biopsies from an AK rat model and applied to diagnosis of
human cases of AK. DNA extraction performed with a com-
mercial kit based on DNA binding to magnetic beads was
more efficient than a method based on alkaline lysis, allowing
the detection of one trophozoite and one cyst of
Acanthamoeba in samples prepared from cultures. This tech-
nique and sn-PCR were applied in corneal scrapings of rats
experimentally infected with Acanthamoeba (n = 6), resulting
in 100% of positivity, against 16.7% (n = 6) of positive iden-
tification in culture method using non-nutrient agar (NNA)
with Escherichia coli. Corneal biopsies from rats were also
tested (n = 6) and resulted in positivity in all samples in both
molecular and culture methods. Eight out of ten presumptive

human cases of Acanthamoeba keratitis were also confirmed
by sn-PCR of scrapping samples, while the culture method
was positive in only four cases. We discuss that animal model
of AK can be an efficient tool to validate diagnostic methods
and conclude that DNA extraction with the kit and snPCR
protocol described here is an effective alternative for diagnosis
of AK.
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Introduction

Acanthamoeba keratitis (AK) is a progressive corneal infec-
tion that can cause irreversible vision impairment. The illness
is characterized by severe pain, usually disproportionate to the
clinical signs, punctate keratopathy, tearing, photophobia, and
stromal ring infiltrates (Maycock et al. 2016). Contact lenses
users are more likely to acquire AK, representing 62 to 71% of
cases (Radford et al. 2002). Corneal traumatic lesions caused
by a foreign body followed by exposure to contaminated wa-
ter can also be a source of AK (Marciano-Cabral and Cabral
2003).

AK requires early diagnosis for a rapid therapeutic inter-
vention, since the prognosis worsens if an effective therapy is
not introduced within 3 weeks (Claerhout et al. 2004). History
of contact lens use, ocular trauma, or unsuccessful treatments
for other disorders such as herpes simplex virus and fungal
infections should suggest the possibility of AK (Bacon et al.
1993; Sharma et al. 2000; Sun et al. 2006). Thus, laboratory
diagnosis is necessary to confirm the infection. Culture of
corneal scrapings is the gold standard for definitive diagnosis
of AK (Schuster and Visvesvara 2004) and is also simple and
of low cost. However, culture results can take 1 to 10 days,
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delaying initiation of adequate treatment (Khairnar et al.
2011). Besides, its sensitivity is not high, being reported to
range from 7% (Yera et al. 2007) to 57% (Dart et al. 2009).

Polymerase chain reaction-based methods can provide a
rapid and sensitive mean of detecting Acanthamoeba in cor-
neal scrapings compared to microbiological and culture
methods (Schroeder et al. 2001; Yera et al. 2007; Dhivya
et al. 2007; Khairnar et al. 2011). Studies have reported limits
of detection of five trophozoites (Khan 2001) and one tropho-
zoite (Schroeder et al. 2001) for PCR using regions of the
18S–rRNA gene as a target. Semi-nested PCR (snPCR) de-
veloped by Dhivya et al. (2007) has shown higher sensitivity
than uniplex PCR. However, strategies for efficient DNA ex-
traction are needed to avoid false negative results, especially
for encysted forms of Acanthamoeba also found in corneal
tissue, which are particularly resistant to DNA-extraction pro-
cedures validated for other microorganisms (Goldschmidt
et al. 2008).

This study aimed to evaluate a protocol for molecular de-
tection of Acanthamoeba in samples of cornea for the diagno-
sis of AK. Initially, twoDNA extraction techniques along with
snPCR described by Dhivya et al. (2007) were tested for de-
tection of trophozoites and cysts from cultures. The most ef-
fective protocol was evaluated in corneal samples from exper-
imentally infected rats and subsequently applied to diagnose
presumptive cases of AK.

Materials and methods

Sample preparation

Trophozoites of an Acanthamoeba polyphaga strain (ATCC
30461) cultured at 30 °C in proteose peptone-yeast extract-
glucose (PYG) medium (Visvesvara and Balamuth 1975)
were used in the experiments. Cysts were obtained after incu-
bating trophozoites in Neff saline (Neff et al. 1964) for 72 h at
30 °C.

Trophozoites and cysts were quantified in a Neubauer
counting chamber, and microtubes containing 50 μL of ultra-
pure water were inoculated with 1, 5, 10, or 100 cells, in
triplicate. Lower quantities (1, 5, and 10) were prepared by
microscopic examination of drops of 3–5 μL of diluted sus-
pension on a microscope slide. After identifying the desired
quantities, the drop was aspirated and transferred to the
microtube. Drops without trophozoites or cysts were also
transferred to microtubes to be used as negative controls.

DNA extraction methods

Two protocols of DNA extraction were tested: (1) alkaline
lysis and precipitation with ammonium acetate, based on a
technique used for DNA extraction of Entamoeba histolytica

cysts in feces (Vianna et al. 2009), and (2) a method using the
ChargeSwitch® gDNAMini Tissue Kit (Invitrogen), which is
based on DNA binding to magnetic beads.

In the alkaline lysis method, 200 μL of lysis buffer
(50 mM glucose, 25 mM Tris HCl pH 8, 10 mM EDTA)
and 400 μL of 0.2 mM NaOH with 1% SDS were added
to the sample and subjected to seven freeze/thaw cycles
(5 min in liquid nitrogen and 5 min at 99 °C). After
addition of 300 μL of 7.5 mM ammonium acetate, sam-
ples were homogenized and centrifuged at 10,000×g for
5 min. About 700 μL of the supernatant was transferred to
a microtube, and 500 μL of isopropanol was added. The
mixture was gently homogenized, incubated at −20 °C for
15 min, and centrifuged at 10,000×g for 15 min. The
supernatant was discarded and the pellet washed in 70%
ethanol. After drying the pellet at ambient temperature,
DNA was re-suspended with 25 μL ultrapure water.

For the DNA extraction using the kit, samples were sub-
jected to seven freeze/thaw cycles (5 min in liquid nitrogen
and 2 min at 37 °C) in 500 μL of lysis buffer provided in the
kit. The subsequent steps of extraction were performed as
recommended by the manufacturer’s protocol.

DNA samples from microorganisms known to cause cor-
neal infection were also used to evaluate specificity (Candida
albicans , Fusarium solani , Aspergilus fumigatus ,
Staphylococcus aureus, Pseudomonas aeruginosa, Herpes
simplex virus type 1).

Amplification reactions

Briefly, the first round of PCR used the primers JDP1 and
JDP2 (Schroeder et al. 2001) in reactions performed on a
final volume of 15 μL with 4 mM MgCl2, 0.2 mM dNTP,
0.6 mg/μL bovine serum albumin (BSA), 0.5 μM of each
primer, 0.6 U of Platinum® Taq DNA Polymerase
(Invitrogen), and 5 μL of DNA. The amplification profile
was 94 °C for 7 min, 72 °C for 1 min, 25 cycles at 94 °C
for 1 min, 60 °C for 1 min, and 72 °C for 2 min followed
by a final extension step of 72 °C for 10 min. The snPCR
was performed as described by Dhivya et al. (2007) with
minor modifications. Two microliters of PCR product was
used for the snPCR carried out on 15 μL of reaction
containing 1.6 mM MgCl2, 0.2 mM dNTP, 0.5 μM of
the inner forward primer A1 and the outer reverse primer
JDP2, and 0.5 U of Platinum® Taq DNA Polymerase
(Invitrogen). Amplification was performed at 95 °C for
5 min, followed by 20 cycles at 95, 64, and 72 °C for
45 s each and a final extension at 72 °C for 5 min. All
amplification reactions were performed in a thermocycler
Biocycler, MJ96 (Biosystems®). The products of snPCR
were separated by electrophoresis in 1.5% agarose gel
stained with ethidium bromide.
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Experimental keratitis in rats

Six female Wistar rats approximately 60 days old were
anesthetized with 60 mg/kg ketamine HCl (Vetanarcol®,
König do Brasil, Brazil) and 7.5 mg/kg xylazine
(Dopaser®, Calier, Spain) by intraperitoneal injection.
The left eye was washed three times with sterilized saline
solution and then anesthetized with topical 2% lidocaine.
Intrastromal inoculation was performed with 2 μL of sus-
pension containing 105 trophozoites of the Acanthamoeba
polyphaga ATCC 30461 in Page’s saline (2.5 mM NaCl,
1 mM KH2PO4, 0.5 mM Na2HPO4, 40 mM CaCl2, and
20 mM MgSO4), using a microliter 30G needle, similar to
the procedures of Ren and Wu (2010). Two animals were
inoculated with Page’s saline only as controls. Six days
postinoculation, the lesions were evaluated and the rats
euthanized with a double dose of anesthetic before
performing corneal scrapings and biopsy. The lesions
were graded as follows: Grade I, point of opacity limited
to the region of inoculum, less than 1 mm in diameter;
Grade II, point of opacity greater than 1 mm, clearly sur-
passing the initial point of inoculum, but not occupying
the entire cornea; and Grade III, extensive damaged area,
involving more than 50% of the cornea.

Detection of Acanthamoeba in rat corneal tissue

Each rat inoculated with Acanthamoeba was positioned
under a stereomicroscope; the head was immobilized with
tape, and the eye washed with sterilized saline. Using a
#15 scalpel blade, the injured area of the cornea was
scraped three times at paralleled sites at the lesion. Each
corneal scraping was inoculated in (1) a tube with 2 mL
of PYG medium, (2) a plate non-nutrient agar (NNA) with
heated-inactivated Escherichia coli, and (3) a microtube
containing 50 μL of Page’s saline. The scalpel was flame-
sterilized between each procedure. For biopsy, a 3-mm
fragment of the cornea, incorporating both corneal infil-
trate and adjacent clear cornea, was excised and removed
with a fine tip tweezers to a sterilized lamina. The

fragment was separated into three parts for culture in
PYG, culture in NNA, and inoculation in a microtube
with Page’s saline, as previously described for scrapings.
Corneas inoculated only with Page’s saline were submit-
ted to the same procedures as controls. Cultures were
incubated at 30 °C and examined from day 5 to day 20
following the seeding. Samples collected in the
microtubes with 50 μL of Page’s saline were stored at
−20 °C until DNA extraction using ChargeSwitch®
gDNA Mini Tissue Kit (Invitrogen) and snPCR.

Diagnosis of human cases of Acanthamoeba keratitis

Ten presumptive human cases of AK admitted in
Ophtalmology Sector of Cassiano Antônio de Moraes
Universitary Hospital, Vitória, Espírito Santo, Brazil, during
the period of March 2010 and May 2012, were evaluated by
culture and PCR/snPCR. Corneal samples were seeded in soy-
agar plates with Escherichia coli, as described by Costa et al.
(2010). A second scraping was transferred to microtubes with
200 μL de Page’s saline and immediately transported to the
laboratory for centrifugation at 5000×g by 5 min. About
150 μL of the supernatant was discarded and the microtube
was stocked at −20 °C until performing DNA extraction,
which was carried out with ChargeSwitch® gDNA Mini
Tissue Kit (Invitrogen).

Results

The snPCR has detected one trophozoite in two out of three
repetitions using both DNA extraction methods (Table 1).
When cysts were used for DNA extraction, positivity by
snPCR was achieved with 100 forms treated by alkaline lysis
extraction and 1 to 10 forms subjected to the commercial kit
(although this did not occur in all repetitions) (Table 1). The
samples made of ultrapure water (negative controls) and DNA
samples obtained from fungi, bacteria, and virus (specificity
controls) had a negative result in the tests.

Table 1 snPCR positivity for
samples containing 1, 5, 10, and
100 Acanthamoeba trophozoites
or cysts after DNA extraction by
two different methods

Reaction Forms Alkaline lysisb Extraction kitc

1 5 10 100 1 5 10 100

snPCRa Trophozoites ++ − ++ − +++ +++ ++ − ++ − +++ +++

Cysts − − − − − − − − − +++ + − − ++ − ++ − +++

+ positive result, − negative result
a snPCR targeting the ASA-S1fragment of 18S rRNA (Dhivya et al. 2007) in triplicate samples
b Extraction performed by freeze/thaw cycles in glucose-Tris-EDTA buffer containing NaOH and SDS, followed
by precipitation in ammonium acetate
c Extraction with the ChargeSwitch® gDNA Mini Tissue (Invitrogen) after freeze/thaw cycles
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Keratitis induced in Wistar rats resulted in corneal lesions
from grades I to III in all animals (Fig. 1, Table 2). Corneal
inoculation with Page’s saline resulted in no lesions. Table 2
outlines results of the cultures and snPCR, using corneal
scraping or corneal biopsy from the animals. For corneal
scraping samples, culture in PYG was negative, culture in
NNA was positive in only one sample, and snPCR showed
signs of amplification in all six samples. In corneal biopsy
material, all six samples were positive in NNA cultures, while
four samples were detected by culture in PYG. All corneal
biopsy samples were positive for Acanthamoeba by snPCR.
Samples from rat cornea inoculated with Page’s saline were
negative in all diagnostic methods.

Four out of ten corneal scrapings of presumptive cases of
Acanthamoeba keratitis were positive in culture method and
eight were positive in snPCR (Table 3).

Discussion

In recent years, both conventional PCR and real-time PCR
have been reported to be efficient techniques to detect
Acanthamoeba in corneal tissue (Thompson et al. 2008;
Khairnar et al. 2011; Laummaunwai et al. 2012).
Conventional PCR is widespread, and lower cost equipments
and reagents have recently become available. However, limi-
tations such as the low number of amoebae in the corneal
scrapings and the greater resistance of cysts to extraction
and release of DNA must be considered in establishing a pro-
tocol using molecular techniques. In the present study, we
have evaluated a DNA extraction method that was efficient
to detect one trophozoite and one cyst in snPCR.We have also
validated it in corneal samples of animal and, subsequently, in
human scrapings.

Fig. 1 Acanthamoeba keratitis induced in Wistar rats by intrastromal
inoculation of 105 trophozoites of A. polyphaga strain ATCC 30461.
Lesions were evaluated 5 days after the inoculation. Lesions classified

as grade II, with the point of opacity greater than 1 mm, clearly exceeding
the initial point of inoculum (a) and grade III, showing an extensive
damaged area and involvement of more than 50% of the cornea (b)

Table 2 Results of culture and snPCR for corneal scraping and corneal biopsy of Wistar rats with experimentally induced Acanthamoeba keratitis

Animal Lesion gradea Corneal scraping Corneal biopsy

Culture NNAb Culture PYGc snPCRd Culture NNAb Culture PYGc snPCRd

1 II + − + + − +

2 I − − + + + +

3 II − − + + + +

4 III − − + + + +

5 III − − + + + +

6 III − − + + + +

Rate NA 1/6 (16.7%) 0/6 (0%) 6/6 (100%) 6/6 (100%) 5/6 (83.3%) 6/6 (100%)

NA not applicable, + positivity, − negativity
a Lesion evaluated 5 days after inoculation, as follows: Grade I, point of opacity limited to the region of inoculum, less than 1 mm in diameter; Grade II,
point of opacity greater than 1 mm, clearly surpassing the initial point of inoculum, but not occupying the entire cornea; Grade III, extensive damaged
area, involvement of more than 75% of the cornea
b Culture in non-nutrient agar with Escherichia coli heat-inactivated
c Culture in proteose-peptone-yeast extract medium (Visvesvara and Balamuth, 1975). Positivity observed after 10 days of incubation
d snPCR targeting the ASA-S1 fragment of 18S rRNA (Dhivya et al. 2007)
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Trophozoites and cysts from cultures were used in the ini-
tial experiments to determine an efficient DNA extraction
technique, including the evaluation of a protocol of alkaline
lysis to obtain DNA fromEntamoeba histolytica and E. dispar
in feces (Vianna et al. 2009). The protocol was adapted and
tested on the assumption that lysis with NaOH could facilitate
breaking the cyst wall and releasing the DNA from cysts. The
method seems to be relatively efficient for trophozoites, since
two out of three repetitions using one and five cells resulted in
positivity with snPCR. However, no sign of amplification was
observed in snPCR when 10 or fewer cysts were used. These
results confirmed the already known resistance of
Acanthamoeba cysts to DNA extraction, which seems to be
related to the resistance of the cyst wall as well as the presence
of high-density bodies in the cyst nucleus. These bodies are
consisted of core protein condensed by genetic material that
can interfere with the DNA denaturation (Goldschmidt et al.
2008; Lasman 1977).

When the extraction kit was used, it was possible to detect
1, 5, and 10 trophozoites or cysts by snPCR in one or more of
the triplicate samples. A possible explanation for the higher
efficiency of the kit is the use of proteinase K, which could
increase the DNA available for the binding to primers and for
polymerase action (Goldschmidt et al. 2008). The possibility
of false-positive detection as a result of contamination
(amplicons) was prevented by careful handling during the
procedures and monitoring with control samples, which were
all negative.

To obtain corneal scrapings and biopsy for evaluating the
molecular technique and to compare it to culture methods,
Acanthamoeba keratitis was induced in a rat model. The

intrastromal inoculation resulted in lesions of variable grades
in all the six animals tested. Although intrastromal inoculation
did not replicate the most frequent source of contamination in
humans, it provided a higher infection rate, compared to pro-
cedures like corneal scratching and the wearing of contami-
nated contact lenses (Ren and Wu 2010). Thus, the rat model
for keratitis could be a good alternative for testing diagnostic
procedures applicable to human patients.

Culture in agar plates with Escherichia coli is the usual
method of diagnosis of Acanthamoeba in corneal samples
(Siddiqui and Khan 2012). In this study, this method was
compared to seeding in PYG medium and seemed to be
slightly superior for diagnostic purposes. As the agar plate
method is simpler and uses a lower number of compo-
nents, it was considered the best choice in terms cost-
benefit. Furthermore, the higher number of nutrients in
PYG could, in some instances, stimulate the growth of
organisms other than Acanthamoeba in coinfection cases,
masking the results.

Comparing the corneal materials, biopsy was clearly supe-
rior to corneal scraping regarding the positivity in culture,
which can be explained by the higher number of parasites
obtained in biopsy. It is known that biopsy is the indicated
procedure in cases when the microbial agent is located in
deeper layers of the cornea or when corneal scrapings are
repeatedly negative, since scraping can be insufficient for
the isolation (Younger et al. 2012). However, corneal scraping
is the chosen procedure in suspected cases of amoebic kerati-
tis, since it is less invasive and easier to perform. In this study,
the snPCR was efficient to detect Acanthamoeba in corneal
scraping in the animal model, showing that a small amount of
tissue can be a limitation for culturing, but not for snPCR.
Evaluation of human corneal scrapings for diagnosis of
Acanthamoeba keratitis also confirmed this point. The human
samples that were negative in snPCRwere also negative in the
culture, suggesting that these keratitis cases should be caused
by other causes rather than Acanthamoeba. Indeed, empiric
treatment for Acanthamoeba did not result in improvement of
the symptoms, and other causes were then attributed for these
cases (data not shown).

In conclusion, DNA extraction with Charge Switch® Kit
after freeze/thaw process and amplification by snPCR present-
ed here was efficient to detect the low quantities of trophozo-
ites and cysts that may be present in corneal scrapings. The
use of the technique in corneal samples of infected animals
and its validation to diagnose human-suspected cases indicat-
ed that this is a good alternative for diagnosis of
Acanthamoeba keratitis.
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Table 3 Results of
culture and snPCR for
corneal scraping from
patients with clinical
signs of Acanthamoeba
keratitis

Sample number Corneal scraping

Culturea snPCRb

1 − +

2 + +

3 − +

4 + +

5 + +

6 − +

7 − +

8 + +

9 − −
10 − −
Total 4/10 8/10

+ positivity, − negativity
a Culture in soy-agar with Escherichia coli
(Costa et al. 2010)
b snPCR targeting the ASA-S1fragment of
18S rRNA (Dhivya et al. 2007)
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