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ABSTRACT. Recently, incidents of Acanthamoeba keratitis, the vision-threatening eye disease, are reported with
increasing frequency worldwide, particularly in contact lens wearers. In our study, the retrospective assessment of in
vitro dynamics of subsequent pathogenic Acanthamoeba isolates cultured at 24°C, detected in Polish contact lens
wearers with keratitis is presented and results compared with those of environmental A. castellanii Neff strain. There
were delayed the proper diagnosis that influenced prolonged and severe course of this eye disease and treatment
difficulties. The corneal material was examined directly to visualize developmental amoeba stages for diagnose
verification, microbiologically tested for the specific identification of bacteriae and fungi, and in vitro grown in culture
medium in temperature 24°C. Among twenty-six keratitis incidents analyzed, eleven were cases of Acanthamoeba
keratitis; in the six of them, Acanthamoeba strains and concomitant bacterial and/or fungal infectious agents were
detected. In vitro assays showed variability in population density of several clinical strains in the exponential growth
phase expressed in various range of overall amoeba number and different proportion between trophozoites and cysts.
The clear influence of temperature on the in vitro cultivation of the amoebae was observed: statistically significant lower
population dynamics was revealed by most of pathogenic clinical isolates in comparison with those showed by
environmental strain. The in vitro monitoring of dynamics of Acanthamoeba strains isolated from infected eyes may be
helpful for diagnostics verification, especially in mixed infectious keratitis.
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Introduction
Different strains of Acanthamoeba spp. are
widely distributed in natural and man-made
environments of many parts of the world, also in
Poland [1–6]. The amoebae are known as free-living
organism that complete their life cycles in the outer
environment and exist in two morphological stages:
as active vegetative trophozoites with characteristic
acanthopodia and as double-walled dormant cysts
that develop after a growth phase, and under harsh
conditions. The protists occur in soil and dust, are
found in sea, fresh, tape water, drinking water

systems and in swimming pools, air conditioning
systems, and humidifiers; they also occur on fruits
and vegetables, and in animal bodies. The amoebae
have been recognized in the hospital environment as
contaminants of surgical instruments and dental
irrigation units [6–11].
In predisposing circumstances, some strains of
Acanthamoeba spp. may enter human bodies,
colonize different organs, thus exist as parasites
causing pathogenic effects: they are found in
various human cavities and tissues, on skin surfaces,
in paranasal sinuses, oral cavities, lungs, and brain
[9–19]. The protists are called amphizoic amoebae
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Fig. 1. Light micrograph of the Acanthamoeba strain
in BSC growth medium. Note: acanthopodia of
trophozoite (range 8–40 µm), polygonal wall of cyst
(range 6–30µm).

as they are able to exist in two modes: as free-livingexozoic microorganisms and as endozoic parasites.
The pathogenic potential of the amoebae may
result in a serious human health threat
[12,13,20–25] Some Acanthamoeba strains are
causative agents of granulomatous amoebic
encephalitis (GAE), rare but fatal opportunistic
disease developing in immune-compromised
persons. Other infection caused by the amoebae is a
vision-threatening Acanthamoeba keratitis (AK), a
non-opportunistic disease that occurs in immunecompetent persons, particularly in contact lens
wearers [19–28].
During the last years, in different regions of
world increases popularity of the contact lens use,
and also the frequency of AK incidents. The
treatment of AK is often unsuccessful due to, among
others, an exceptional high resistance of Acanthamoeba cysts to different chemical agents,
disinfectants and drugs; also, misdiagnoses of the
disease as caused by viral, bacterial, fungal agents
result in a delay in the appropriate treatment and
deterioration of the vision.
In our earlier multidisciplinary studies, we
analyzed, among others, cases of AK difficult to
diagnose and treat, variable in the corneal symptom
intensity and in response to topical therapy.
Diagnosed pathogenic Acanthamoeba strains were
evaluated in terms of their susceptibility to selected
chemical and physical agents, e.g. a viability in
changed temperature conditions [23,26,28].
In the present study, we assessed in vitro
dynamics of subsequent Acanthamoeba isolates
detected in contact lens wearers with AK
complicated by concomitant bacterial and/or fungal
infectious agents.

Data from twenty-six patients, reported to our
hospital in 2013–2016 at different time after first
symptoms of keratitis appeared, most of them
previously unsuccessfully treated in other units with
antibacterial and/or antifungal medications were
retrospectively analyzed in this study. In the clinical
assessment/verification of diagnosis, noninvasive
methods: the slit-lamp and in vivo confocal
microscopy were applied. The corneal material
deriving from the cases was directly examined in
wet-mount slides with the aid of a contrast phase
light microscope, 100× and 400× magnifications to
visualize Acanthamoeba cysts or/and trophozoites.
Samples of corneal scrapings collected from
affected eyes were also routinely tested with microbiological techniques for the specific identification
of bacteriae and fungi, and by PCR technique.
Simultaneously, isolates deriving from corneas were
in vitro grown in sterile 15 ml tubes under bacteriafree condition in BSC medium [12] enriched with
calf serum, incubated at 24°C and sub-cultured into
this growth medium twice a month. Finally, among
twenty-six keratitis incidents, eleven were cases of
AK; data from the six, in which Acanthamoeba
strains and concomitant bacterial and/or fungal
infectious agents were detected in the corneal
material, have been included in this assessment.
The dynamics of particular pathogenic Acantha moeba strains in vitro parallel cultivated was
monitored and compared to one another, as well as
to the environmental Acanthamoeba castellanii
Neff strain maintained by years in the same growth
medium in the laboratory of Department of Medical
Biology. Changes in amoeba number and in
morpho-physiological status of particular stages
were assessed. A range of amoeba overall number
and cysts of two or three counts, with the use of
counting chamber, Burker’s hemocytometer and
calculation for 1ml of culture medium was
determined for the log growth phase of
Acanthamoeba pathogenic strain populations, 5-7th
day following sub-culturing; results were analyzed
statistically (ANOVA, Student-Newman-Keuls
method, p < 0.05).

Results
Clinical symptoms of Acanthamoeba keratitis
with redness, photophobia, excessive tearing, pain,
a visual acuity deterioration occurred with different
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Table 1. Compilation of data of pathogenic Acanthamoeba strains detected in material of affected eyes of contact lens
wearers with infectious keratitis
Detected amoebae*
Strain

stages

material

Range of
overall amoeba
number** (x103)

Range of
cysts**(%)

Concomitant
infectious
agent

S2

cysts, trophozoites corneal scrapings

12.1–27.0

0.9–1.0

Candida spp.
Citrobacter spp.

S16

trophozoites

in vitro culture

36.0–82.0

0.8–1.0

P. aeruginosa

S19

cysts

corneal scrapings

55.5–105.5

0–0.3

E. faecalis

S21

cysts

corneal scrapings

20.2–34.1

0–0.2

Candida spp.

S24

cysts

corneal scrapings

7.5–17.0

0.3–0.5

E. cloacae,
P. aeruginosa,
K. oxytoca

S25

cysts

corneal scrapings

2.0–4.0

0–0.2

Fusarium spp.

SNeff

–

in vitro culture

37.8–42.5

0–0.3

–

*the stage and material in which this Acanthamoeba strain the first time was detected. **data from log growth phase
of Acanthamoeba population. The level of statistical significance was set at p < 0.05

intensity in eleven affected eyes of contact lens
wearers from which the assessed material was
acquired. Active epithelial inflammations, corneal
ulcers, characteristic ring-like stromal infiltration
detected by slit-lamp, and hyper reflective objects,
presumably cysts were revealed in some cases by in
vivo confocal microscopy.
Results of direct corneal scrapings examinations
and in vitro cultivations of material deriving of
these scrapings confirmed Acanthamoeba infections
in the eleven cases.
In six of the AK incidents, the microbiological
examinations of the corneal material revealed
concomitant infections with bacteriae and/or fungi:
Gram positive bacteria strains Enterococcus faecalis, Gram-negative bacteriae Klebsiella oxytoca,
Pseudomonas aeruginosa, Enterobacter agglomerans, E. cloacae, fungi of Candida spp., Fusarium
sp.
Assessment of pathogenic Acanthamoeba strains
cultured in vitro at 24°C showed the occurrence of
different amoeba stages developed during
cultivation: live trophozoites with characteristic
acanthopodia and polygonal or round cysts with
their two cyst walls (Fig. 1).
Variability in population density of several
strains that was revealed in the exponential growth
phase was expressed in various overall amoeba

number and in different proportion between
trophozoites and cysts. Moreover, statistically
significant differences occurred between the
clinical strains of Acanthamoeba and the A.
castellanii Neff strain in the population dynamics:
the range of overall amoeba number of the
environmental strain were significantly higher in
comparison to that found in four strains originating
from AK incidents.
Molecular examinations of the pathogenic
strains and a comparison of the obtained sequences
with those available in GenBank showed 98–100%
homology with isolates belonging to the T4
genotype; details of these examinations will be
reported in a separate publication.
The compilation of data of pathogenic
Acanthamoeba strains detected in material of
affected eyes of contact lens wearers with infectious
keratitis and of A. castellanii Neff strain is
presented in Table 1.

Discussion
Different free-living amoebae of Acanthamoeba
sp. are ubiquitous and widely distributed in natural
and
man-made
environments
worldwide.
Potentially pathogenic amoeba strains that have
been detected in natural water bodies including
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lakes, ponds, rivers, in swimming pools, fountains,
in northern and western regions of Poland
represented mainly T4 genotype considered to be
the most common cause of the vision-threatening
eye disease [1,7,8,21,25–36].
Human eye infection with facultative parasitic
strains of Acanthamoeba sp., mainly related to
improper contact lens hygiene, is a serious medical
problem as an emerging threat for the public health.
The clinical picture of Acanthamoeba keratitis,
the sight-threatening, usually progressive corneal
disease, is similar to that occurring in viral, fungal
or bacterial keratitis. In addition, the amoebae may
act as carriers for more than 20 bacterial species and
other microorganisms pathogenic for humans; many
of them are able not only to survive but even
proliferate within the amoebae, thus may be
causative agents of secondary/concomitant or
mixed infections [27–29]. It is why clinical
manifestations alone are not sufficient to identify a
causative agent of the keratitis. In our earlier study,
etiologically complex keratitis were revealed in
more than 50% cases [26,36].
Data of subsequent infections with amoebae
regarding persons in other units treated
unsuccessfully with antibacterial and antifungal
medications were included in our present study.
Results of this retrospective assessment showed that
AK was identified in all eleven patients; however,
there were mistakes in the initial diagnosis. Finally,
in some of six cases in which mixed AK
bacterial/fungal infections were revealed, the proper
diagnosis performed two weeks after the first
clinical symptoms appeared, in others – even more
than four weeks; thus in these cases, delay in the
appropriate treatment occurred.
It should be underlined that co-infections with
other microorganisms may complicate the
diagnosis, course and treatment in the AK.
Literature data and results of our investigations
indicated that microscopic visualization of amoebae
in slides prepared directly from corneal scraping is
usefulness for AK diagnostics, however, it has
limited value at low intensity of amoebic infections.
The temperature 24°C, in which Acanthamoeba
strains were in vitro cultivated, influenced in
different degree on dynamics of several amoeba
populations assessed. It was observed that more
intensive growth/multiplication occurred in
cultivated environmental A. castellanii Neff strain
than in most of clinical strains of Acanthamoeba
originating from human corneas. It is believed that
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the ability of amfizoic amoebae to accept higher
temperatures is considered as an indirect marker of
potential pathogenicity of Acanthamoeba strains
[23,29].
Laboratory examinations of in vitro dynamics
and population density of specimens from corneal
isolates allow to identify directly the facultative
pathogens and to verify previous misdiagnoses; it
confirms the consideration that culture methods are
the gold standard in AK diagnosis. In the cases
analyzed in the current study, the diagnostics
difficulties were due to unspecific clinical
symptoms, misdiagnosis, resulting in delay of
proper treatment; in addition, a resistance to
antimicrobial and anti-parasitic therapy may occur.

Conclusions
It should be taken into consideration that an
awareness and knowledge about AK – the serious,
an emerging, vision-threatening eye disease are still
insufficient.
Despite advances in pharmacotherapy, treatment
of AK is often unsuccessful due to diagnostic
mistakes delaying appropriate therapy and resulting
in serious course of this disease.
An improvement in duration from first
symptoms until suitable diagnosis is crucial for
efficacy of the therapeutic management.
Early proper diagnosis, confirmed by detection
of live trophozoites, involving in vivo and in vitro
techniques is decisive for therapeutic efficacy,
particularly in contact lens users; a strict hygiene
while cleaning and using contact lenses is very
important preventive measures.
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