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Abstract
Species of the genus Acanthamoeba are free-living protozoans that occasionally act as parasites, causing a severe, progressive 
corneal infection termed Acanthamoeba keratitis (AK). The variable pathogenic potential among Acanthamoeba lineages 
has been shown by in vitro assays, but little is known about the behavior of different strains in animal models of AK. This 
work aimed to evaluate the infectivity of Acanthamoeba from distinct morphological groups and genotypes in a rat model 
of AK and apply an immunohistochemical technique for histological characterization of the lesions. Only a strain classified 
as group I/genotype T17, isolated from a soil source, caused ulcerated corneal lesions in two Wistar rats (n = 9) subjected 
to intrastromal inoculation. Two strains derived from AK human cases (group II/genotype T4 and group III/genotype T5) 
did not induce corneal lesions in the rats. A previous association of group II/genotype T4 trophozoites with lethally irradi-
ated Escherichia coli did not influence the infectivity. A hyperimmune serum produced in Wistar rats was validated by an 
immunocytochemical technique using the three distinct strains and then applied for immunohistochemistry. The abundance 
of antigenic residues was observed in both corneas with keratitis, suggesting that the infectious process tended to resolve. 
Despite the low infection rate of the AK Wistar rat model, we produced an immunochemical tool with a potential diagnostic 
application. We also showed for the first time the ability of Acanthamoeba from T17 genotype to cause AK in experimental 
conditions.
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Introduction

Acanthamoeba keratitis (AK) is a painful, sight-threatening 
corneal infection caused by free-living protozoa found 
in virtually all terrestrial and aquatic environments 
(Siddiqui and Khan 2012). The contact of Acanthamoeba 
trophozoites with the injured cornea triggers the eventual 
amoeba parasitic behavior, which involves the interaction 
of amoebic surface mannose-binding proteins (MBP) with 
mannose residues on the host cells (Clarke and Niederkorn 
2006; Garate et  al. 2006; Guzmán-Téllez et  al. 2020). 
Contact lens wears are the main group risk since the 
accessories promote corneal micro-abrasions and can also 
be a vehicle of contamination (Siddiqui and Khan 2012). 
Some predisposing factors for AK among contact lens wears 
include using homemade saline solutions or tap water to 
wash the lens, prolonged improper use of the disposable 
lens, and swimming while using the lens (Kofman and 
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Guarner 2021). A lower proportion of cases occurs in non-
contact lens wearers, usually individuals who suffered an 
accidental corneal injury during occupational activities or 
contamination after surgical procedures (Garg et al. 2017; 
Erdem et al. 2014; Aykur and Dagci 2021).

Early clinical presentation of human AK includes epi-
theliopathy, epithelial opacities, and perineural infiltrates, 
followed by typical ring infiltrate, ulceration, and uveitis in 
the later stages (Dart et al. 2009). Patients diagnosed early 
and promptly initiate the specific treatment within 3 weeks 
tend to present a less severe disease and a better outcome. 
Conversely, the delayed diagnosis contributes to a worse 
inflammatory picture, resulting in complications that can 
cause corneal collapse and visual impairment (Dart et al. 
2009; Kofman and Guarner 2021; Lorenzo-Morales et al. 
2015).

The genus Acanthamoeba includes at least 18 early 
described species classified into three morphological 
groups according to the cyst morphology and size (Pussard 
and Pons 1977). However, a current system for classifying 
new isolates relies on analyzing 18S rDNA sequences, 
determining which 23 genotypes (T1 to T23) (Putaporntip 
et al. 2021). The genotypic and morphological diversity 
seems to reflect, in part, the variability in the pathogenic 
potential of Acanthamoeba since the genotype T4 and the 
morphological group II are predominant in AK cases and 
other infections (Marciano-Cabral and Cabral 2003; Maciver 
et  al. 2013; Aykur and Dagci 2021). This variability is 
corroborated by several studies showing differences among 
Acanthamoeba lineages concerning properties accessed 
in vitro, such as thermotolerance, osmotolerance, proteases 
profile, and cytopathogenicity to culture cells (Walochnik 
et al. 2000; da Rocha-Azevedo and Costa E Silva-Filho 2007; 
Possamai et al. 2018; Cirelli et al. 2020). In vivo assays, in 
turn, confirmed the ability of certain strains to cause infection 
and access aspects of AK pathogenesis. The pioneers’ works 
on experimental infection in animal cornea showed rats as a 
suitable model for AK, also investigating histological features 
of lesions induced by intrastromal inoculation (Font et al. 
1982; Larkin and Easty 1990; Badenoch et al. 1990). Several 
subsequent reports used the rat model and other species such 
as rabbits, pigs, hamsters, and mice (Côte et al. 1991; He 
et al. 1992; Van Klink et al. 1993; Polat et al. 2007; Ren and 
Wu 2010). More usual infection methods in these animal 
models are the application of parasite-laden contact lens in 
the animals’ eyes (He et al. 1992; Van Klink et al. 1993, 
Feng et al. 2015) and intrastromal inoculation (Font et al. 
1982; Larkin and Easty 1990; Polat et al. 2007). Comparing 
these methods in rats and mice along with the application of 
amoebic suspension in the scratched cornea, Ren and Wu 
(2010) showed that intrastromal inoculation results in higher 
infection rates. In general, all these animal models have a 
self-limited disease, an aspect that differs from human AK,  

but histopathological alterations in cornea are similar to 
those seen in humans. Additionally, these studies evaluate 
a single strain isolated from AK case to improve the 
chance of efficiency, but a comparative analysis of different 
Acanthamoeba genotypes has not been reported in the rat 
model of AK. Thus, this work aimed to evaluate three strains 
of Acanthamoeba from different groups and genotypes 
regarding their ability to cause keratitis in Wistar rats. 
Additionally, an Acanthamoeba antiserum was produced and 
used in an immunohistochemical technique to complement 
the histopathological characterization of the lesions.

Material and methods

Acanthamoeba cultures

Three Acanthamoeba strains, previously isolated and 
characterized by Possamai et al. (2018), were used in the 
attempts to induce keratitis in rats. Strains Krt2.AAO 
(morphological group II/genotype T4) and Krt16.PEN 
(morphological group III/genotype T5) were isolated 
from keratitis cases, while the source of the SoA1 strain 
(morphological group I/genotype T17) was a soil sample. 
The cultures stored in non-nutrient agar (NNA) (Page 1988) 
were reactivated by passages in plates with fresh NNA 
containing Escherichia coli and then subjected to axenization 
in PYG (protease, yeast extract, and glucose) as previously 
described (Possamai et al. 2018). Axenic cultures were 
incubated at 32 °C in tissue flasks and subcultured for up five 
passages before being used in the experiments. An additional 
sample termed Krt2.iBac was included to evaluate whether 
bacteria’s presence could increase the lesions’ severity. For 
this purpose, the Krt2.AAO culture was associated with E. 
coli previously inactivated by gamma radiation (10,000 Gy 
at the Nuclear Technology Development Center—Federal 
University of Minas Gerais). One hundred microliters of 
E. coli suspension was added to fresh PYG at an amoeba-
bacteria ratio of 1:50. The co-culture was incubated at 32 °C 
for 72 h and then subcultured four times before the assays.

Experimental keratitis in Wistar rats

Trophozoites from cultures in exponential growth phase 
(72–96 h) were washed three times in Page’s saline (2.5 mM 
NaCl, 1 mM  KH2PO4, 0.5 mM  Na2HPO4, 40 mM  CaCl2, and 
20 mM  MgSO4) by centrifugation (300 × g, 10 min), sus-
pended in PBS pH 7.2, and quantified in Neubauer chamber. 
Viability checking was performed by trypan blue exclusion 
and samples with ≥ 98% of viable cells were then adjusted 
to the concentration of 1.25 ×  107 trophozoites/mL. The 
culture with irradiated E. coli (termed Krt2-iBac) has the 
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bacteria concentration evaluated to determine the inoculum 
in controls.

Forty-five male Wistar rats, 45 days old, were used in 
the experiments. The animals were raised in the Bioterium 
of Pharmacy Faculty, Federal University of Minas Gerais. 
All procedures were conducted under accepted guidelines 
for the care and use of laboratory animals for research and 
approved by the Ethical Committee for Animals of the Fed-
eral University of Minas Gerais, protocol number 265/2018. 
Inoculations were performed as previously described by Ren 
and Wu (2010), with modifications. The animals were anes-
thetized with 60 mg/kg ketamine HCl (Vetanarcol®, König 
do Brasil, Brazil) and 7.5 mg/kg xylazine (Dopaser®, Calier, 
Spain) by intraperitoneal injection. Sterilized physiological 
saline was used to wash the left eyes, which were then anes-
thetized with topical 2% lidocaine. A 31G needle with 2 μL 
suspension containing 2.5 ×  104 trophozoites was used in the 
intrastromal inoculation in the left eye. The right eye was 
inoculated with 2 μL of PBS. Groups of nine animals were 
infected with each Acanthamoeba strain (Krt2.AAO; Krt16.
PEN, SoA1, and Krt2.iBac). A fifth group was inoculated 
with 1.5 ×  105 forms of inactivated E. coli as a control. Seven 
days after the inoculation, euthanasia was performed using 
a triple dose of anesthetics, and the lesions were evaluated 
concerning the damage presence or grade, as follows: grade 
I, point of opacity limited to the region of inoculum, > 1 mm 
in diameter; grade II, point of opacity > 1 mm, clearly sur-
passing the initial point of inoculum, occupying until 50% of 
the cornea; and grade III, damaged area with more than 50% 
of the cornea. The eyeballs were removed, fixed in 10% buff-
ered formalin (in PBS pH 7.2), and subjected to conventional 
histological preparation (dehydration in alcoholic solutions, 
clarification in xylene, paraffin inclusion, and 4-µm thick 
section).

Acanthamoeba antiserum production

Antiserum against Acanthamoeba was produced in Wistar 
rats (male, 90 days old) with antigens of the A. castellanii 
strain ALX (morphological group II/genotype T4). Briefly, 
2 ×  107 trophozoites grown in PYG medium were washed 
by centrifugation and suspended in 2 mL of PBS pH 7.2. 
Raw antigen was produced by sonication, using a 5-pulse 
schedule of 99 watts of 1 min with 60-s intervals. The first 
immunization was performed intraperitoneally with 200 μL 
of the crude antigen. The second immunization was carried 
out 15 days after the first by subcutaneous route, with 100 
μL of antigen and 100 μL of incomplete adjuvant of Freund.

Immunocytochemical staining

Serum quality and reactivity were validated by immunocy-
tochemical reaction, using trophozoites and cysts from the 

three strains (Krt2.AAO, Krt16.PEN, and SoA1). Cysts were 
induced in Neff’s encystment saline (95 mM NaCl, 5 mM 
KCl, 8 mM  MgSO4, 0.4 mM  CaCl2, 1 mM  NaHCO3, and 
20 mM Tris–HCl, pH 9.0). Smears of both amoebic stages in 
glass slides were fixed in 90% alcohol at room temperature 
for 72 h and then washed in saline solution PBS pH 7.2 for 
5 min. After incubation with 0.2% peroxide hydrogen solu-
tion (20 min), the slides were incubated with the blocking 
solution “Animal-Free Blocker” (Vector Laboratories, Burl-
ingame, USA) in a moist chamber for 1 h at 4 °C. Acantham-
oeba antiserum at concentration 1:1000, previously diluted 
in bovine serum albumin (BSA) 5%, was used to react with 
the samples for 18 h at 8 °C. The slides were then washed 
in PBS pH 7.2 for 5 min and incubated for 1 h at room tem-
perature with goat anti-mouse IgG biotinylated and strepta-
vidin (Zymed Laboratories, San Francisco, CA, USA), both 
diluted in 5% BSA at concentration 1:100. The reaction 
was revealed using a solution of 0.05% diaminobenzidine 
and 0.2% peroxide hydrogen. The slides were then stained 
with Harris hematoxylin diluted 1:2 for 2 s. For the nega-
tive control, Acanthamoeba antiserum was replaced by PBS. 
After dehydration with alcoholic solutions and clarification 
in xylol, the slides were mounted with Entellan (Sigma-
Aldrich, St. Louis, USA).

Histopathological and immunohistochemical 
analysis

Paraffin-embedded sections were processed for hematoxy-
lin–eosin (HE) by standard techniques. For immunohis-
tochemical staining, the sections were dewaxed in xylol, 
hydrated in decreasing gradient of alcoholic solutions, and 
washed in PBS pH 7.2. Subsequent treatments of immu-
nochemical staining followed the procedures described in 
the previous subsection (“Immunocytochemical staining”). 
Histological evaluation was performed in an Axiolab micro-
scope (Carl Zeiss, Oberkochen, Germany), and digitized 
images were taken with QColor3 Olympus attached micro 
camera (Tokyo, Japan).

Results

The strains Krt2.AAO and KRT16.PEN, as well as Krt2 
associated with bacteria, did not induce typical AK lesions 
in the rat corneas, as shown in Table 1. In animals inocu-
lated with these strains, the eyes were normal or presented 
a superficial ulcer at the inoculum point characterized as 
grade 0 (Fig. 1b). Inoculation of E. coli alone did not result 
in changes in the animals’ corneas either (Table 1). The 
right eyes inoculated with PBS as controls presented a nor-
mal condition (Fig. 1a). Only one eye among the controls 
exhibited ulceration, as seen in Fig. 1b, probably caused 
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Table 1  Infectivity and lesion 
grade in cornea of Wistar rats 
inoculated with Acanthamoeba 
trophozoites

a Inoculum of 2.5 ×  104 trophozoites from axenic cultures. Krt2.ibac sample was cultured with Escherichia 
coli inactivated by gamma radiation (10,000  Gy). Inactivated E. coli (iBac) was inoculated alone as a 
control
b Infection grade determined by the pondered average (A) of lesion grade evaluated in each animal 
as follows: grade 0: no lesion; grade II, point of opacity > 1  mm, clearly surpassing the initial point of 
inoculum, occupying up to 50% of the cornea; and grade III, extensively damaged area, involving more 
than 50% of the cornea

Strainsa Group/genotype Infectivity Infection  gradeb

Lesion/total 
(n = 9)

% 0 I II III A

Krt2. AAO II/T4 0/9 0 9 0 0 0 0
Krt16.PEN III/T5 0/9 0 9 0 0 0 0
SoA1 I/T17 2/9 22 7 0 1 1 0.55
Krt2.iBac II/T4 0/9 0 0 0 0 0 0
iBac Na 0/9 0 0 0 0 0 0

Fig. 1  Acanthamoeba keratitis induced in Wistar rats by intrastromal 
inoculation of 2.5 × 10.4 trophozoites. a Left eye of PBS-treated rat, 
with normal macroscopic appearance. b Right eye of a rat inoculated 
with the strain Krt2. AAO (group II/genotype T4), with a grade 0 
superficial ulcer. c Right eye of a rat inoculated with the SoA1 strain 

(group I/genotype T17), with a 2-mm necrotic point of inoculation 
and superficial opacity in other areas occupying less than 50% of 
the cornea (grade II). d Right eye of a rat inoculated with the strain 
SoA1 with an extensive corneal opacity with a central area of necro-
sis (grade III lesion)
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by physical trauma of the needle and without signs of 
inflammation.

Only the SoA1 strain could induce AK in 2 out of 9 rats, 
representing an infectivity rate of 22% (Table 1). One of 

the animals presented opacity in less than 50% of the cor-
nea, with an evident and delimited necrotic lesion of 2 mm, 
characterizing injury of grade II (Fig. 1c). The other animal 
presented a grade III lesion, occupying more than 75% of 

Fig. 2  Histopathological aspects of Acanthamoeba keratitis induced 
in Wistar rats by intrastromal inoculation with 2.5 ×  104. trophozo-
ites (SoA1 strain, group I/genotype T17). a Panoramic view of an eye 
inoculated with PBS (control) and presenting a regular aspect, show-
ing the corneal region (big arrow), anterior chamber (Ca), iris (small 
arrows), lens (C), sclera (E), posterior chamber (Cp), and retina (#). 
b Detail of the area delimited by the rectangle in the previous image, 
showing the normal corneal epithelium (Ep) and corneal stroma (Es), 
Bowman’s membrane (arrowheads), Descemet’s membrane (heads), 
and endothelium (En). c Panoramic view of a corneal ulcer induced 
by the SoA1 strain. Corneal epithelium had collapsed (arrows), and 
areas of necrosis (N) with granulation tissue (Tg). Other structures, 

such as the iris and ciliary body (U), ciliary muscle (M), and sclera 
(E), are inflamed. d Higher magnification of the previous image 
showing the necrotic (arrowhead) and non-necrotic (*) corneal epi-
thelium, as well as other areas of necrosis (N) and with granulation 
tissue (Tg). e Detail of the area delimited by the square in the previ-
ous image, showing a higher magnification of epithelium necrosis (*), 
cellular debris, and granulocytes (#). f Hemorrhagic necrosis with 
fibrin deposition (*) separates an area of necrosis (N) and granulation 
tissue (Tg). g Area of inflammatory infiltrate showing hyperemia and 
edema of the ciliary body (Cc) and iris (#). Inflammatory cells, hem-
orrhage, and desquamated cells in the anterior chamber (arrowheads)
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the cornea, with an extensive zone of corneal opacity with a 
necrosis center (Fig. 1d).

Histological analysis evidenced this necrotic central area, 
which showed corneal epithelium and Bowman’s membrane 
disappearance. It also showed large amounts of cell debris 
and deposited fibrin, bordered by abundant granulation tis-
sue. Neutrophils and intervening macrophages were present 
in different areas of the ulcer (Fig. 2c–g). The inflammatory 
process was also seen in the ciliary body, ciliary muscle, and 
iris, characterizing anterior uveitis (Fig. 2h). The histologi-
cal aspect of the grade II lesion was like the previous one, 

but the necrotic alteration occupied a more restricted area. 
Histology of eyes inoculated with PBS presented a regular 
aspect and absence of alteration in the corneal epithelium 
(Fig. 2a–b).

An Acanthamoeba antiserum was produced to validate 
immunocytochemical and immunohistochemical staining, 
as the trophozoites and cysts could not be visualized even 
in corneas with active lesions. Trophozoites and cysts of 
the three strains were positively marked by peroxidase in a 
brownish color (Fig. 3a–f), while the control samples had 
blue-gray coloration (Fig. 3g–h). Immunohistochemical 
analysis of lesions (SoA1 strain) indicated granular mate-
rial and brown coloration in many areas of the corneal 
stroma, both in the extracellular environment and inside the 
inflammatory cells, proving the presence of Acanthamoeba 
antigens, probably derived from destroyed trophozoites 
(Fig. 4c–d). An immunolabeled trophozoite was found in 
the corneal stroma of a rat with a grade III lesion (Fig. 4d). 
Replacing polyclonal serum with PBS solution produced a 
negative reaction, as evidenced by the absence of brown 
coloration throughout the histological sections (Fig. 4a–b).

Discussion

In the present work, we compared three Acanthamoeba 
strains from distinct morphological groups and genotypes 
regarding their ability to induce keratitis in Wistar rats. Evi-
dence indicates that Acanthamoeba from genotype T4 or 
morphological group II is more prone to act as pathogens 
(Maciver et al. 2013). However, in vivo or in vitro patho-
genicity traits can be detected in strains from other geno-
types and groups isolated from patients or the environment 
(Walochnik et al. 2000; Maciver et al. 2013; Carlesso et al. 
2014). Thus, we selected strains representing the phenotypic 
and genotypic diversity in the Acanthamoeba genus. The 
samples induced no or low infection rates, which were par-
ticularly unexpected for two strains isolated from AK cases. 
They belong to genotypes/morphological groups primarily 
(T4/II) or secondarily (T5/III) associated with pathogenic-
ity (Maciver et al. 2013; Walochnik et al. 2000; Carlesso 
et al. 2014; Possamai et al. 2018). Both did not tolerate 1 M, 
but the T4 strain (Krt2.AAO) grew at 37 °C and caused 
cytopathic effect (CPE) upon MDCK cells in a low score 
( +), while the T5/III strain (Krt16.PEN) grew up to 40 °C 
and had high score (+ + +) of CPE (Possamai et al. 2018). 
As reported in other studies, attenuation of virulence may 
occur due to prolonged axenic culture (Mazur and Hadas 
1994, Koehsler et al. 2009; Veríssimo et al. 2013), but we 
still excluded this possibility by using cultures shortly after 
axenization. Additionally, we tested an induction of patho-
genicity by associating the T4 strain (Krt2.AAO) with inac-
tivated E. coli before infection. The rationale for this strategy 

Fig. 3  Anti-Acanthamoeba immunocytochemical reaction. A brown-
ish coloration in trophozoites (a, c, e) and cysts (b, d, f) from the 
strains Krt2.AAO (group II/genotype T4) (a–b), Krt16.PEN (group 
III/genotype T5) (c–d), and SoA1 (group I/genotype T17) (e–f) char-
acterized a positive reaction (a–f). Negative reaction: PBS replaced 
the anti-serum for samples with trophozoites (g) and cysts (h) of the 
strain Krt2.AAO. Bars = 20 μm
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relied on a previous study indicating increased virulence of 
axenic E. histolytica in contact with lethally irradiated bac-
teria (Wittner and Rosenbaum 1970). We also considered the 
exacerbation of Acanthamoeba pathogenic behavior reported 
after interaction with Corynebacterium xerosis (Badenoch 
et al. 1990; Puech et al. 2001). However, even after the asso-
ciation, Krt2.AAO did not cause AK in the rats, suggesting 
that distinct mechanisms for pathogenicity induction could 
occur with different protozoans and types of bacteria.

Despite several reports of successful experimental AK 
in rats and other animals, failures in inducing infection may 
occur, which is a situation not always published (Niederkorn 
et al. 1999). Additionally, infectivity may not reach 100% 
in an experimental group. In a previous study using the 
Chinese hamster as AK model, 30 to 40% of the animals 
did not develop lesions, which was attributed to a pre-
exposition to Acanthamoeba (Van Klink et al 1993). Thus, 
variation in laboratory animal batch, or even the individual 
differences in regard to the resistance and immunity, could 
be factors affecting AK susceptibility. Inoculum dose can 
also be an intervening factor, since a higher number of 
trophozoites concur for the infection success. Indeed, in 
this study, we conducted a pilot infection using inoculum 
dose in the order of  103 trophozoites (data not shown), a 
cell quantity similar to that reported previously with the rat 
model (Polat et al. 2007; Ren and Wu 2010; Ávila-Blanco 

et  al 2020). However, none of the three strains caused 
AK, which leads us to adopt the inoculum of 2.5 ×  104 
trophozoites. The possibility of higher inoculums resulting 
in an increased infection rate cannot be excluded and 
remains to be determined. Finally, another hypothesis to 
be considered for the infection failure is related to intrinsic 
unknown features of the strains, which could not cause AK 
in the rat model. The well succeed corneal infections in rats 
by intra-stromal via reported previously (Polat et al. 2007; 
Ren and Wu 2010; Ávila-Blanco et al. 2020), including one 
by our group using similar inoculum (Costa et al. 2017), 
suggest that variable infectivity can be, in part, depending 
on Acanthamoeba lineage.

Surprisingly, only the environmental origin SoA1 strain, 
belonging to a genotype (T17) and morphological group (I) 
unusual in human infections, induced a typical AK lesion in 
the rats. Group I Acanthamoeba is uncommonly implicated in 
human infection and encompasses the genotypes T7, T8, T9, 
T17, and T18 (Magliano et al. 2012; Possamai et al. 2018). 
Regarding genotype T17, it was reported once in a post-
lung transplant patient who progressed to severe amoebic 
encephalitis (D’auria et al. 2012) but not in AK cases (Diehl 
et al. 2021). Interestingly, SoA1 induced a high score of CPE 
on MDCK cells (Possamai et al. 2018). Altogether, these data 
corroborate the T17 genotype as pathogenic and suggest it as 
a potential causative agent of AK.

Fig. 4  Immunohistochemi-
cal marking of Acanthamoeba 
antigens in the cornea of Wistar 
rats inoculated with the SoA1 
(group I/genotype T17) strain. 
a–b Negative reaction control 
in which PBS replaced the 
anti-serum. Note the absence 
of brownish coloration. c Pano-
ramic view of the stroma with 
positive marking evidenced by 
brownish coloration (*). d. High 
magnification image show-
ing positive antigenic material 
(arrowheads) and a trophozoite 
in the corneal stroma (arrow). 
Bars = 50μm

1173Parasitology Research (2023) 122:1167–1175



1 3

The lesions induced by the SoA1 strain were compatible 
with those described by other authors, including developing 
a corneal ulcer and the typical inflammatory process 
(Larkin and Easty 1990, 1991; Ávila-Blanco et al. 2020). 
In Acanthamoeba infections, trophozoites and cysts can be 
found in infected tissues (Visvesvara et al. 2007; Visvesvara 
2010) and in this work, immune-peroxidase reaction labeled 
these stages independently of the strain. Furthermore, 
the efficiency of the immunohistochemical technique 
was ratified by in situ labeling of antigenic material. The 
abundance of antigenic debris and rarity of amoebic forms 
is consistent with a tendency to resolution, a fact expected 
in the Wistar rat model for AK in which the lesions can be 
induced but regressed until healing (Polat et al. 2007; Ren 
and Wu 2010; Ávila-Blanco et al. 2020).

Usually, the routine hematoxylin and eosin (HE) 
complemented or not by special staining such as periodic 
acid-Schiff (PAS) allows visualizing the presence of amoebic 
stages in histological sections (Feng et al. 2015; Ávila-Blanco 
et al. 2020). Nevertheless, the identification may be impaired 
if the amoebic forms do not present structural integrity, 
as in our study. In this context, immunohistochemistry 
allows identifying both amebic stages and their antigenic 
residues. Immunohistochemistry was applied along 
HE and PAS by Ávila-Blanco et al. (2020), which used 
heterologous antiserum produced from Entamoeba 
histolytica antigens, showing these ameboid protists share 
antigenic components. However, the Acanthamoeba-specific 
antiserum from our study has applicability not only for 
in situ immunolabeling but also as a tool for other assays 
that demand higher specificity (e.g., immunogenic proteins 
identification), or even for diagnostic purposes. Indeed, the 
immunohistochemical technique had improved sensitivity 
compared to other diagnostic methods as the Calcofluor 
White stain and culture technique (Sharma et al. 2001).

In conclusion, although the AK model resulted in a low 
infective rate in the conditions adopted in this work, we 
showed for the first time the ability of Acanthamoeba from 
genotype 17 to cause AK in experimental conditions. The 
immunocytochemical and immunohistochemical methods 
proved effective for labeling distinct strains and stages of 
Acanthamoeba, with perspectives for laboratory diagnostic 
of AK.
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