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The course of Acanthamoeba spp. infection depends on the age and immune status of the host, and the
virulence of the Acanthamoeba spp. strain. Some strains of free-living amoebae exhibit organ
specificity, during the course of infection, while others may cause changes in many organs or
completely lose pathogenicity. The aim of the current study was to investigate the pathological
properties of Acanthamoeba spp. isolated from a patient with acute myeloid leukemia and atypical
pneumonia (AM22). Moreover, the objective was to investigate the histopathological changes in the
kidneys and heart of immunocompetent and immunosuppressed mice infected with Acanthamoeba
spp. Amoebae were re-isolated from both the kidneys and hearts of the inoculated mice, although no
cysts or trophozoites of the amoebae were detected in microscopic slides of the fragments of these
organs. Acanthamoeba spp. induced changes in the kidney and heart weight of infected mice. In
immunocompetent and immunosuppressed Acanthamoeba spp. infected mice, we found some
histopathological changes, including areas with less acidic cytoplasm and a relaxation of muscle
fibers. In further studies, it is important to analyze changes in gene and protein expressions in the heart
and kidneys of hosts with disseminated acanthamoebiasis to better understand the course of infection
in these organs, because the results of histological analysis varied depending on the immune status and
duration of infection.
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Acanthamoeba spp. are amphizoic and opportunis-
tic free-living amoebae that have the potential to
cause diseases in humans and other animals (KOT
et al. 2018). Ubiquitous in the soil, air, and water, the
severity of infection is related to the size of the inocu-
lum, the immune status of a patient, and the virulence
of the strain of the amoebas (WALOCHNIK et al.
2015). Acanthamoeba spp. exist in two forms: vegeta-
tive trophozoite and resistant double-walled cyst
(£ANOCHA-ARENDARCZYK et al. 2017), and can de-

velop into granulomatous amebic encephalitis (GAE),
Acanthamoeba keratitis (AK), skin ulcers, and upper
respiratory tract infections (KHAN 2003; STAPLETON
et al. 2009). Disseminated acanthamoebiasis with
infection to other organs and tissues occurs princi-
pally in immunocompromised individuals, including
HIV-infected patients, or following organ transplan-
tation, such as kidney and heart grafts (STEINBERG
et al. 2002; SATLIN et al. 2013; TAN et al. 2014;
SALAMEH et al. 2015; BRONDFIELD et al. 2017;
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WINSETT et al. 2017). The infection in immunosup-
pressed patients is violent and usually leads to death
occurring within one month after the central nervous
system is invaded (MARCIANO-CABRAL & CABRAL
2003). Mean time to infection by Acanthamoeba spp.
following transplant was 18 months (ranging from
three months to six years) and immunosuppressive
regimens commonly include the use of mycopheno-
late, cyclosporine, tacrolimus, and/or prednisone
(BRONDFIELD et al. 2017). The diagnosis of dissemi-
nated acanthamoebiasis is most often made post mortem
by re-isolation and/or determination of developmen-
tal forms in histological studies from extracted organ
fragments (VISVESVARA 2013). There are still no un-
ambiguous methods of infection prevention, rapid di-
agnostic techniques, or treatment algorithms, due to
the incomplete understanding of the pathogenesis and
pathophysiology of Acanthamoeba spp. infections.
Research on molecular biology, pathology, and im-
munology is often conducted on an animal model, in
which animals are infected with Acanthamoeba spp.
in nasal, intraperitoneal, intravenous, intramuscular,
subcutaneous, or intracerebral areas. In laboratory
animals, symptoms of infection with Acanthamoeba
spp. appear a few days or weeks after infection, de-
pending on the infecting dose and pathogenicity of the
strain (CULBERTSON et al. 1959; SCHUSTER &
VISVESVARA 2004). KASPRZAK (1974) found that
some strains of free-living amoebae exhibit organ
specificity, during the course of infection, while oth-
ers may cause changes in many organs or completely
lose pathogenicity. The aim of the current study was
to investigate the pathological properties of Acantha-
moeba spp. isolated from a patient with acute myeloid
leukemia and atypical pneumonia (AM22). Moreo-
ver, the objective was to investigate the histopa-
thological changes in the kidneys and heart of
immunocompetent and immunosuppressed mice in-
fected with Acanthamoeba spp.

Materials and Methods

Ethics statement

This study was approved by the Local Ethics Com-
mittee for Scientific Experiments on Animals in
Szczecin (No. 29/2015) and Poznañ (No. 64/2016),
Poland. All animal experiments were performed in
strict agreement with good animal practice with the
recommendations in the Guide for Care and Use of
Laboratory Animals.

Animals and Acanthamoeba spp.

The research was conducted on 96 mice. Adult male
BALB/c mice (6-10 months old) were either infected
with Acanthamoeba spp. using the method described
in previous papers or not treated as controls

(£ANOCHA-ARENDARCZYK et al. 2018a). The dura-
tion of the experiment was 42 days, including
two weeks for an acclimatization period. The mice
were housed under controlled temperatures on
a 12h:12h light/dark cycle and fed with Labofeed H
(Morawski, Kcynia, Poland) and water ad libitum.
The mice were divided into 4 groups:

– immunocompetent uninfected Acanthamoeba spp.
mice (C; n=18);

– immunocompetent Acanthamoeba spp. infected
mice (A; n=30);

– immunosuppressed Acanthamoeba spp. infected
mice (AS; n=30);

– immunosuppressed uninfected Acanthamoeba spp.
mice (CS; n=18).

Modification of the immune system

To suppress immunity, the selected mice were
intraperitoneally (i.p.) dosed with 0.22 mg (10 mg/kg
body weight) of methylprednisolone sodium succi-
nate (MPS, Solu-Medrol, Pfizer, Europe MA EEIG)
dissolved in 0.1 ml of 0.9% saline, daily for four
days before inoculation with Acanthamoeba spp.
(£ANOCHA-ARENDARCZYK et al. 2018a; MARKOWITZ
et al. 1978). Such an algorithm permitted the develop-
ment of an experimental model similar to that of pa-
tients with low immunity response.

Intranasal inoculation and biological invasiveness
test

Mice were infected by intranasal inoculation with
3 �l of suspension containing 10-20 thousand Acantha-
moeba spp. strain AM22, isolated from a patient with
acute myeloid leukemia (AML) and atypical pneumo-
nia (£ANOCHA et al. 2009). The amoebae were ini-
tially grown on agar plates (NN agar) covered with
a suspension of deactivated Escherichia coli (deacti-
vated at 110°C for 1 h) and incubated at 37°C for 72 h
according to standard methods. Following that, the
amoebas were washed three times with PBS to re-
move most of the extracellular bacteria. The residual
bacteria were killed with ampicillin and streptomycin
(each at a concentration of 100 ìg/ml) over 24h fol-
lowed by triple washing the amoebas with PBS. The
final PBS wash was plated onto agar to ensure that any
remaining extracellular bacteria had been killed. After-
ward, the amoebas were rinsed from the agar surface
with sterile saline (0.9% NaCl) and then centrifuged
at 3000 x g for 10 minutes (£ANOCHA-ARENDARCZYK
et al. 2018a; KARAŒ et al. 2015). The non-infected
mice were given the same volume of saline (3 ìl 0.9%
NaCl). The mice were euthanized with pentobarbital
sodium (Euthasol vet, FATRO, Raamsdonksveer, the
Netherlands) which was administered by intraperito-
neal injection (2 ml/kg body weight). Then the mice
were weighed, and their kidneys and hearts were re-
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moved for analysis. Fragments (5 mm x 5 mm) of the
kidneys and heart were put on NN agar and incubated
at 41°C to assess the infection intensity level
(GÓRNIK & KU�NA-GRYGIEL 2005). The plates were
monitored daily under microscope for 10 days at a low
magnification. The virulence of the amoebae was deter-
mined based on the degree of infection (on a scale 0-2)
and determined as a ratio of the number of infected
animals (presence of amoebae in studied tissues) to
the number of inoculated mice.

Histological examination

Six mice from each group were used for histological
analysis. The collected fragments of their kidneys and
hearts were also fixed in 4% buffered formalin solu-
tion (Avantor, Gliwice, Poland). After dehydration in
alcohols with increasing concentrations, the organs
were embedded in paraffin. Serial (5 �m) sections were
stained using hematoxylin and eosin. The samples
were then examined to evaluate histopathological
changes in the kidneys and hearts of the mice. Addi-
tionally, the diameter of glomeruli in the kidneys were
measured in 10 random fields per animal by two linear
measurements in two different axes of each glomeru-
lus. The results were expressed in µm. The examina-
tion was done by two independent pathologists.

Statistical analysis

The mean (AM), standard deviation (SD), median,
and range (minimum and maximum values) were cal-
culated for each group. Quantitative variables were
compared between groups with a nonparametric
Mann-Whitney U test, which was used because the
number of mice was too small to reliably assess the
normality of distribution. The statistical significance
was set at p<0.05. Calculations were performed using
Statistica Software 8.0.

Results

The pathogenicity test

Two immunocompetent animals died about 2 weeks
post Acanthamoeba spp. infection. Immunocompe-
tent (number of mice, n=8) and immunosuppressed
(n=10) Acanthamoeba spp. infected mice showed
changes in appearance and behavior, including ema-
ciation, coat color changes, and hunched posture, as
well as in changes in behavior such as aggression and
circular marching.

The results of culturing organ samples on non-
nutrient agar (NN agar) media previously coated with
Gram-negative bacteria are shown in Table 1. In the
immunocompetent Acanthamoeba spp. infected mice,
amoebae were isolated from the heart (n=6) and kid-

ney (n=7) samples at 8 days post Acanthamoeba spp.
infection (dpi), 16 dpi (n=5 for both organs) and
24 dpi (n=6 for both organs). In the immunosup-
pressed Acanthamoeba spp. infected mice, amoebae
were isolated at 8 dpi (n=4 for both organs), 16 dpi
(from 6 kidneys and 4 heart samples), and 24 dpi (n=7
for both organs). Both cyst and trophozoites were
found on the media (Fig. 1).

Kidneys and heart weight

We did not observe statistically significant differ-
ences in kidney weight between the immunocompe-
tent uninfected and Acanthamoeba spp. infected
immunocompetent mice. Significantly lower kidney
weight was noted in immunocompetent infected mice
at 8 and 16 dpi compared to the immunocompromised
Acanthamoeba spp. infected mice (Mann-Whitney
U test, U=17.0, p<0.05 and U=9.0, p<0.05, respec-
tively) (Table 2).

We observed a significant lower heart weight in the
immunocompetent mice at 16 dpi than in the unin-
fected mice (Mann-Whitney U test, U=1.5, p<0.05).
The heart weight of the immunosuppressed mice at
24 dpi was significantly lower compared to the immu-
nocompetent hosts (Mann-Whitney U test, U=0.0,
p<0.05) (Table 2).

Histological evaluation of kidneys

In the immunocompetent and immunosuppressed
uninfected mice, there were no changes observed in
the kidneys. The border between the cortex and me-
dulla was clearly visible in the uninfected and infected
Acanthamoeba spp. mice. No pathomorphological
changes were observed in the renal cortex, paren-
chyma of medulla, or renal pelvis in the immunocom-
petent Acanthamoeba spp. infected mice. At the
periphery of the cortex however, there was an easily
visible, darker stained zone with regularly arranged
glomeruli. The diameter of the glomeruli in the immu-
nocompetent Acanthamoeba spp. infected mice at
8 dpi was on average 48.84 ìm, at 16 dpi – 49.65 ìm,
and at 24 dpi – 47.44 ìm versus 49.36 ìm in the im-
munocompetent uninfected mice; but the differences
were not statistically significant. One kidney sample
of an Acanthamoeba spp. infected immunocompetent
mouse at 16 dpi showed atypical renal tubular epithe-
lial cells. Elevated proliferation of cells in the proxi-
mal/distal tubule epithelium, abnormal nucleus to
cytoplasm ratio, numerous vacuoles, mitotic figures
(red arrow, Fig. 2), and single lymphocytes (black ar-
row, Fig. 2) were observed.

The renal morphology of immunosuppressed unin-
fected mice and immunosuppressed Acanthamoeba
spp. infected mice was similar. The arrangement of
individual elements in the kidney parenchyma was
unchanged.However,at16dayspostAcanthamoebaspp.
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Table 1

The pathogenic properties of Acanthamoeba spp. reisolated from the kidneys and heart of the im-
munocompetent and immunocompromised mice at 8, 16, and 24 days post infection (dpi): A – im-
munocompetent Acanthamoeba spp. infected mice; AS – immunosuppressed Acanthamoeba spp.
infected mice; No. – consecutive mouse number; intensity of infection was expressed on a scale 0-2:
absence (0 = -) and occurrence (1 = +; 2 = ++) of developmental stages of Acanthamoeba spp.)

No. Organ
8 dpi 16 dpi 24 dpi

A AS A AS A AS

1

Kidneys + – + + – +

Heart + – + + – +

Observations – –
agony, coat color
changes emaciation,
dehydration

agony, coat color
changes emaciation,
dehydration,
hunched posture

– agony

2

Kidneys + – died + + +

Heart + – – – +

Observations – –

agony, coat color
changes, emacia-
tion dehydration,
hunched posture

– dehydration

3

Kidneys + – – – + +

Heart + – – – + +

Observations – – – – coat color changes
emaciation,
dehydration

4

Kidneys – + – + + –

Heart – + – – + –

Observations – coat color changes – –
aggression, coat
color changes

–

5

Kidneys + + + – – +

Heart ++ + + – – +

Observations – coat color changes – – – –

6

Kidneys – + + – + –

Heart + ++ + – + –

Observations
agony,
dehydration

– – – – –

7

Kidneys + – ++ + ++ +

Heart + – + + + +

Observations
circular marching,
coat color changes,
aggression

– – – circular marching –

8

Kidneys – + + – + –

Heart – + + – + –

Observations –
coat color changes,
dehydration

aggression,
coat color changes,
hunched posture

– coat color changes –

9

Kidneys – – died + – +

Heart – – + – +

Observations – – aggression – –

10

Kidneys + – – + – +

Heart + – – + + +

Observations – – – – coat color changes –

The table shows observations of each immunocompetent mouse at 8 (n=10), 16 (n=10), and 24 (n=10) dpi, as well as of each

immunosuppressed mouse at 8 (n=10), 16 (n=10), and 24 (n=10) dpi.
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Fig. 1. The scheme of the experiment. At 0 dpi, 18 animals from the immunocompetent uninfected (C) and immunosuppressed
uninfected (CS) groups were sacrificed. At 8 dpi, 10 mice from the immunocompetent Acanthamoeba spp. infected group (A) and
immunosuppressed Acanthamoeba spp. infected group (AS) were sacrificed. The kidneys and heart were collected, and were then put
on NN agar and incubated for 10 days. In the A group, amoebae were isolated from the hearts of 6 mice, and from the kidneys of 7 mice.
In the AS group, amoebae were isolated from the heart and kidneys of 4 mice. At 14 dpi, two animals from A group died. At 16 dpi, 8
mice from A group and 10 mice from AS group were sacrificed. The kidneys and hearts were collected, and were then put on NN agar
and incubated for 10 days. In the A group, amoebae were isolated from the heart and kidneys of 5 mice. In the AS group, amoebae were
isolated from the hearts of 4 mice and from kidneys of 6 mice. At 24 dpi, 10 mice from the A and AS groups were sacrificed. The
kidneys and heart were collected, and were then put on NN agar and incubated for 10 days. In the A group, amoebae were isolated from
the heart and kidneys of 6 mice. In the AS group, amoebae were isolated from the heart and kidneys of 7 mice.



infection the immunosuppressed mice had poorly
visible Bowman’s capsules and a lighter staining of
the nuclei and cytoplasm of tubular cells. Lighter
staining was also observed in the kidneys of the immu-
nosuppressed mice at 24 dpi. The morphometric analy-
sis of glomeruli diameter in the immunosuppressed
mice was similar, at 8 dpi – 51.56 ìm, at 16 dpi –
51.77 ìm, and at 24 dpi – 53.40 ìm versus the unin-
fected immunosuppressed mice – 54.83 ìm; the dif-
ferences were not statistically significant. In the
immunocompetent and immunocompromised
Acanthamoeba spp. infected mice kidneys, no devel-
opmental forms of the amoebae were found. How-

ever, amoeba-like cells were observed between the
cell junction in one mouse from the A group at 16 dpi
and in mice from the AS group at 16 and 24 dpi (data
not shown).

Histological evaluation of hearts

There were no pathomorphological changes in the
cardiac tissue of the immunocompetent and immuno-
compromised uninfected mice. At 8 days post
Acanthamoeba spp. infection, the immunocompetent
mice showed a relaxation of muscle fibers in the heart
(Fig. 3). These changes were not observed in the
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Table 2

Kidney and heart weight (g) of the uninfected and infected Acanthamoeba spp. immunocompetent
and immunocompromised mice: C – immunocompetent uninfected mice; A – immunocompetent
Acanthamoeba spp. infected mice; CS – immunosuppressed uninfected mice; AS – immunosup-
pressed Acanthamoeba spp. infected mice; n – number of animals; dpi – days post Acanthamoeba
spp. infection; AM – arithmetic mean; SD – standard deviation of AM

Parameter/ group

C
(n=18)

A
(n=30)

CS
(n=18)

AS
(n=30)

Kidney weight

0 dpi

AM±SD 0.20±0.04 0.23±0.04

Median 0.21 0.20

Range 0.15-0.26 0.20-0.30

8 dpi

AM±SD 0.18±0.05a 0.23±0.03 a

Median 0.17 0.21

Range 0.12-0.28 0.20-0.30

16 dpi

AM±SD 0.16±0.03b 0.22±0.05b

Median 0.16 0.22

Range 0.12-0.21 0.10-0.30

24 dpi

AM±SD 0.28±0.29 0.22 ± 0.05

Median 0.19 0.22

Range 0.13-1.10 0.10-0.30

Heart weight

0 dpi

AM±SD 0.15 ± 0.02c 0.16±0.05

Median 0.15 0.20

Range 0.12-0.16 0.10-0.20

8 dpi

AM±SD 0.16±0.07 0.12±0.04

Median 0.15 0.10

Range 0.07-0.35 0.10-0.20

16 dpi

AM±SD 0.10±0.02 c 0.13±0.05

Median 0.10 0.10

Range 0.08-0.13 0.10-0.20

24 dpi

AM±SD 0.14±0.01d 0.10±0.00 d

Median 0.015 0.1

Range 0.13-0.16 0.1-0.1

ap=0.02 for the significance of difference A vs AS (Mann-Whitney U test, U=17.0)
bp=0.01 for the significance of difference A vs AS (Mann-Whitney U test, U=9.0)
cp=0.001 for the significance of difference C vs A (Mann-Whitney U test, U=1.5)
dp<0.001 for the significance of difference A vs AS (Mann-Whitney U-test, U=0.0)
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Fig. 2. Cross section of the kidneys of the uninfected and Acanthamoeba spp. infected immunocompetent and immunosuppressed mice
(A – immunocompetent Acanthamoeba spp. infected mice; AS – immunosuppressed Acanthamoeba spp. infected mice;
C – immunocompetent uninfected mice; CS – immunosuppressed uninfected mice; dpi – days post Acanthamoeba spp. infection;
black arrow – single lymphocyte; red arrow – mitotic figure). Hematoxylin and eosin staining, magnification x400.
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Fig. 3. Cross section of the hearts of the uninfected and Acanthamoeba spp. infected immunocompetent and immunosuppressed mice
(A – immunocompetent Acanthamoeba spp. infected mice; AS – immunosuppressed Acanthamoeba spp. infected mice;
C – immunocompetent uninfected mice; CS – immunosuppressed uninfected mice; dpi – days post Acanthamoeba spp. infection;
black arrow – haemorrhage; red arrow – less acidophilic coloration area of muscle fibers). Hematoxylin and eosin staining,
magnification x400.



hearts of the immunocompetent mice at 16 or 24 dpi.
In one immunosuppressed mouse at 8 dpi, we de-
tected an intramyocardial haemorrhage (black arrow,
Fig. 3). At 16 dpi the immunosuppressed mice
showed lesions in the muscle fibers, with the oblitera-
tion of striations and occurrence of areas with a less
acidic cytoplasm were found (red arrow, Fig. 3). In
the immunocompetent and immunosuppressed
Acanthamoeba spp. infected mice, we found no de-
velopmental forms of Acanthamoeba spp. in the heart
samples.

Discussion

The course of Acanthamoeba spp. infection has
been shown to depend on the age and immune status
of the host, the infecting dose, and the virulence of the
Acanthamoeba spp. strain (MARCIANO-CABRAL &
CABRAL 2003; FERRANTE 1991; GIERYNG & GIERYNG
1987; GÓRNIK & KU�NA-GRYGIEL 2005; RUCKA
1974). In our study, the results of the pathogenicity
test showed diverse courses of infection in animals in-
fected with the amoebae. In the immunocompetent
and immunosuppressed Acanthamoeba spp. infected
mice, the amoebae were reisolated from 63% and
57% of infected animals, respectively. Similarly to
our study, GIERYNG and GIERYNG (1987) and
GIERYNG et al. (1993) reisolated Acanthamoeba spp.
from about 70% of brain and 60% of lung samples
taken from mice that had been nasally inoculated with
Acanthamoeba spp.. Diverse courses of infection in
human case reports have also been observed.
STEINBERG et al. (2002) and BRONDFIELD et al.
(2017) found that hematological and biochemical
blood tests in renal or heart transplant patients with
disseminated acanthamoebiasis were varied (increased,
decreased, or within a normal range). RINGSTED et al.
(1976), in a study on a Korean child with probable
GAE and inflammatory lesions in the kidneys, found
that a urine analysis disclosed no abnormality despite
the fact that Acanthamoeba spp. were isolated from
the kidneys of the patient. £ANOCHA-ARENDARCZYK
et al. (2018b) using mice from the same experimental
model, did not reveal any significant difference in the
levels of creatinine, urea, albumin, or total protein in
the serum of Acanthamoeba spp. infected immuno-
competent and immunosuppressed mice. Diverse
course of infection in the hosts may be due to innate re-
sistance to Acanthamoeba spp. (FERRANTE 1991). In
humans, BRINDLEY et al. (2009) found the presence
of natural IgG antibodies against Acanthamoeba spp.
in the peripheral blood of over 80% of the studied
population. The congenital resistance to Acantha-
moeba spp. infection is also confirmed by studies that
found the presence of developmental forms of
Acanthamoeba spp. in the nasal and pharyngeal mu-
cosa of healthy individuals (KRANJCIC-ZEC et al. 1990;
RIVERA et al. 1991).

In the presented study, Acanthamoeba spp. re-isola-
tion in the immunocompetent mice could be arranged
in the following descending order: 8 dpi=24 dpi > 16 dpi;
however, it is important to point out that two immuno-
competent mice died about 2 weeks post Acantha-
moeba spp. infection. No macroscopic or microscopic
changes in the kidneys of the immunocompetent
Acanthamoeba spp. infected mice were observed. We
found no statistically significant differences in kidney
weight or glomeruli diameter between the uninfected,
immunocompetent, and immunosuppressed infected
Acanthamoeba spp. mice. Only one immunocompetent
mouse, at 16 day post Acanthamoeba spp. infection,
showed an elevated proliferation of cells in the proxi-
mal/distal tubule epithelium, inappropriate nucleus to
cytoplasm ratio, numerous vacuoles, mitotic figures,
and single lymphocytes. The lack of changes in the
histopathological picture of the kidneys as well as
amoebas in the histological slides is consistent with
molecular studies in which no elevated expression of
TLRs, which are responsible for recognizing the
amoebas, was found in the kidneys of immunocompe-
tent mice infected with Acanthamoeba spp.
(ALIZADEH et al. 2014; KOT et al. 2020). However, in
available scientific literature, there is some data pre-
senting histopathological changes in the kidneys of
immunocompetent hosts. GÓRNIK and
KU�NA-GRYGIEL (2005) demonstrated various
pathomorphological changes in the kidneys of
Acanthamoeba spp. infected mice, depending on the
mouse strain used in the experiment. Mice infected by
strains isolated from swimming pools had haemor-
rhages and small inflammatory foci in their kidneys.
Mice infected with a strain isolated in Goplana lake
(Szczecin, northwest part of Poland) showed necrotic
changes in renal tubules and Bowman’s capsules. In
the kidneys of Acanthamoeba spp. infected mice from
which the amoebas were not reisolated in vitro,
GÓRNIK and KU�NA-GRYGIEL (2005) found only
small inflammatory foci in the renal cortex. In dogs
with a disseminated acanthamoebiasis, macroscopic
and microscopic kidney lesions were observed
(FRADE et al. 2015). The authors observed kidney en-
largement with the presence of red and yellow nod-
ules, distributed randomly beneath the subcapsular
surface, and in microscopic slides, trophozoites of
Acanthamoeba spp. within the periglomerular region.
DUBEY et al. (2005) observed multifocal coalescing
infiltrates of macrophages, lymphocytes, and neutro-
phils, with occasional intralesional amoebae in the
kidneys of Acanthamoeba spp. infected dogs. Differ-
ences in the effects in the host kidney may be related
to the strain of Acanthamoeba spp. OMAÑA-MOLINA
et al. (2017) found that Acanthamoeba castellani tro-
phozoites migrate to the kidneys of mice, while
Acanthamoeba culbertsoni trophozoites do not mi-
grate to the host kidney. The exact species of amoebae
used in the study by GÓRNIK and KU�NA-GRYGIEL
(2005), FRADE et al. (2015), and DUBEY et al. (2005)
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are not known. The aforementioned authors men-
tioned only that they used environmental strains.

In the immunosuppressed mice, we did not observe
statistically significant differences in kidney weight
and glomeruli diameter between the infected and un-
infected hosts. However, at 16 and 24 days post
Acanthamoeba spp. infection, the immunosuppressed
mice had a lighter staining of the nuclei and cytoplasm
of their tubular cells. Inflammatory cells, e.g. T lym-
phocytes, may induce expression of transforming
growth factor � (TGF-�), which induced the transfor-
mation of kidney tubule cells to proliferating fibro-
blasts, causing fibrous changes in the kidney
parenchyma (ROBERTSON et al. 2004). Such changes
may be visible in a histological preparation in the
form of a lighter color of the kidney parenchyma. Fur-
ther analyses, including inflammatory markers and
TGF-�, need to be performed to check whether lighter
staining in the kidneys were results of inflammatory
processes or the use of an immunosuppressive drug.
In the immunosuppressed mice at 16 and 24 dpi, we
also found amoeba-like cells between cell junctions.
We did not classify them as amoebas but in future
studies it is important to perform immunohistochemical
of immunofluorescence staining to determine with cer-
tainty the presence or absence of amoebas in the evalu-
ated tissue. In particular because OMAÑA-MOLINA
et al. (2017) found A. castellanii trophozoites be-
tween cell junctions using immunohistochemical
staining. The authors observed that A. castellanii tro-
phozoites penetrated and invaded renal tissue through
renal tubules, but they did not observe tissue destruc-
tion. Further studies are also needed because elevated
TLR2 and TLR4 expression was observed in the kid-
neys of immunosuppressed mice at 16 and 24 days
post Acanthamoeba spp. infection (KOT et al. 2020),
which may suggest the presence of amoebas in the
studied tissue.

In the presented study, we observed higher kidney
weight between the Acanthamoeba spp. infected im-
munocompetent and immunosuppressed mice, which
may be caused by the immunosuppressive drug.
KABAT-KOPERSKA et al. (2017) who analyzed the in-
fluence of immunosuppressive drugs on rat organs
observed changes in kidney weight.

The current literature presents little information
about the influenceof Acanthamoeba spp. on the cardiac
muscle. £ANOCHA-ARENDARCZYK et al. (2018b) ex-
amined the biochemical profile of mice infected with
Acanthamoeba spp. and observed that serum aspartate
aminotransferase (AST) levels were two times higher
in immunocompetent infected mice than in immuno-
competent uninfected animals. Similarly, Acanthamoeba
spp. infected immunosuppressed mice had higher se-
rum AST levels than the immunosuppressed uninfected
mice, although the difference was not statistically sig-
nificant. AST is a widely known indicator enzyme
used in the diagnosis of liver disease, heart disease,

and the inflammation of various organs. AST is in-
volved in many important metabolic processes in the
body, such as the urea cycle in the liver and the
malate-aspartate shuttle in the heart muscle
(OTTO-ŒLUSARCZYK et al. 2016). Since AST is used
in the diagnosis of many diseases, it would be essential
to determine the activity of creatine kinase to confirm
cardiovascular disorders. However, in the aforemen-
tionedstudyby£ANOCHA-ARENDARCZYK etal. (2018b),
activity of creatine kinase was not determined.

In the presented study, no macroscopic changes
were found in the hearts of Acanthamoeba spp. in-
fected immunocompetent and immunosuppressed
mice. In the hearts of all the immunocompetent 8 days
post Acanthamoeba spp. infected mice, a relaxation
of muscled fibers was observed. Despite the fact that
we observed a lower heart weight in the immunocom-
petent mice at 16 days post Acanthamoeba spp. in-
fection compared to the uninfected mice, no micro-
scopic changes in the structure of cardiomyocytes
were observed. It is worth noting that changes in the
expression of immune response receptors were also
found in the immunocompetent mice only on 8 days
post Acanthamoeba spp. infection. However, at the
beginning of the infection, in the heart of the immuno-
suppressed Acanthamoeba spp. infected mice, a dis-
continuity of the vascular walls and slight bleeding
outages was observed, while in all mice at 16 dpi the
amount of endomysium increased and the color of car-
diomyocytes changed. When investigating the effect of
immunosuppressive drugs on pathomorphological
changes in rat organs KABAT-KOPERSKA et al.
(2017), observed similar cells with a lighter colored
cytoplasm called vacuolated cardiac muscles cells.
Therefore, it is difficult to determine whether the ob-
served changes in the muscle fibers of the Acantha-
moeba spp. infected mice were caused by the parasitic
infection or administration of immunosuppressive
drugs. In other studies on changes in the heart of
Acanthamoeba spp. infected mice, a bleeding stroke
was also observed as a consequence of the discontinu-
ity of vessel walls (GÓRNIK & KU�NA-GRYGIEL
2005). Vessel damage by amoeba present in the wall
and perivascular zone was also observed by
MARTINEZ (1991) and GIERYNG et al. (1993). FRADE
et al. (2015) found macroscopically multifocal red, ir-
regular, centrally yellowish and slightly prominent
areas on the epicardial surface of the right and left
ventricles and the left atrium in dogs with dissemi-
nated acanthamoebiasis. Analysis of microscopic
slides showed inflammatory foci and developmental
forms of amoebae. The changes observed by FRADE
et al. (2015) within the heart may result from a signifi-
cantly longer duration of the infection compared to
the present studies and/or the type of pathogenic
Acanthamoeba spp. strain.

In the presented histological examination of hearts,
we foundno trophozoitesorcystsofAcanthamoeba spp.,
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that were in agreement with case reports concerning
the histological preparations of hearts of patients with
acanthamoebiasis (BRONDFIELD et al. 2017; BARETE
et al. 2007; TAN et al. 2014). Despite, no develop-
mental forms of amoebas in the histological prepara-
tions, we reisolated Acanthamoeba spp. from cardiac
fragments using NN agar. It should be taken into ac-
count that amoebas may have been re-isolated from
blood residue in the heart, as they spread through the
blood of the host, not from a fragment of heart tissue.

Conclusions

Acanthamoeba spp. (strain AM22) retained their
pathogenic properties after 10 years of first re-isola-
tion. The amoebae showed varying degrees of viru-
lence in inoculated mice, and exhibited not only
pneumotropic properties but also affected organs dis-
tant from the original site of infection. Some changes
in the heart and kidneys were observed even though
no developmental forms of Acanthamoeba spp. were
found in the organs of the infected mice. However, in
future studies, it is important to perform immunohis-
tochemical immunofluorescence staining to deter-
mine with certainty the presence of amoebas in the
evaluated tissue. Additionally, it will be important to
analyze changes in gene and protein expressions in
the heart and kidneys of hosts with disseminated
acanthamoebiasis to better understand the influence
of Acanthamoeba spp. on organs which are not the
main biotype of these parasites.
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