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Free-living amoeba,  aky that is associated with the use of contact lens. In the present work,
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Necgleria fowler were isolated from new and used lenses and lenses preservative

contact lenses, solutions and identified by morphological characteristics then their tolerance

temperature and osmosis. € high temperature and osmosis were studied. The results showed that
Acanthamoeba spp. is the main amoeba isolated from lenses and lens
solution, and A. polyphaga had higher pathogenicity than the rest of the
genera due to its ability to grow at all temperatures and osmosis tested.
While both N. fowleri did not grow at any of the tested osmotic levels but
grew at the tested temperatures so they were considered as non-pathogenic.

INTRODUCTION

Free-living amoebae (FLA) are universal and opportunistic protozoa, they showed
variation in distribution among natural environments such as soil dust, air, seawater,
drinking water, swimming pools, sewage, eyewash solutions, contact lenses, dialysis
units, and dental treatment units. Among these FLA, only four genera such as
Acanthamoeba, Naegleria, Balamuthia, and Sappinia are responsible for opportunistic
and non- opportunistic infections in humans and other animals. Acanthamoeba sp. causes
amoebic keratitis in immunocompetent persons and granulomatous amoebic encephalitis
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(GAE) and cutaneous lesions in immunocompromised patients. Balamuthia mandrillaris,
causes skin, lung infections, and a fatal GAE, mostly in immunocompetent children.
Naegleria fowleri (N. fowleri) causes primarily amoebic meningoencephalitis (PAM) in
healthy children and young adults. Sappinia sp. has been reported, only once, from a
brain infection in a healthy man [1, 2].

Acanthamoeba spp. feed on organic molecules and reproduce by binary fission
under optimal conditions, and, potentially, on contaminated cleaning solutions of contact
lenses. It can also grow in contact lenses that are cleaned with contaminated tap water [3,
4]. The trophozoites of Acanthamoeba species are active, more sensitive, and can change
into a cyst by altering its phenotype in strict environmental conditions [5]. The cyst form
is highly resistant and has a double wall of cellulose and other polysaccharides with a
fibrous laminar exocyst and a granular smooth endocyst that make the wall tougher for
protection [6, 7]. The ability of Acanthamoeba to tolerate a wide range of temperatures,
osmosis, pH, and other factors indirectly contributes to its pathogenicity [8].

N. fowleri has been isolated from various aquatic habitats and thermally polluted
streams and rivers. Also, it has been isolated from the nasal mucosa of healthy
asymptomatic children and nasal passages of patients with PAM [9]. N. fowleri amoebae
can exist in three morphological stages, a trophozoite, a flagellate, or a cyst [10]. N.
fowleri is thermophilic and able to grow at different degrees of temperature and can
proliferate during warmer months of the year when the temperature is likely to be high
[11].

Sappinia diploidea (S. diploidea) normally lives in soils contaminated with faeces
of elk, bison, and cattle, and was identified as causing encephalitis in a healthy young
man [12]. S. diploidea has two stages during its life cycle, a monopodial locomotory
trophozoite (50 — 60 um by 20-30 pum), with a large hyaloplasm in the anterior part of the
cell, and a smaller bi-nucleated cyst, 18 — 25 um in diameter [13,14].

Depending on the foregoing literature we planned to isolate the free-living
amoeba from contact lenses and preservative solution under normal conditions and study
the ability of isolated and morphologically identified genus to grow under abnormal
temperature and osmosis.

MATERIALS AND METHODS

Collection and cultivation of samples.

From April to August 2019, one hundred samples of lenses and contact lenses
solutions, new cosmetic lenses (NL, n=50), used lenses (UL, n=30), and opened contact
lenses solutions (LS, n= 20), were collected from cosmetic shops in Assiut Governorate,
Egypt and contact lenses users. Specimens were applied directly to the centers of the
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surface of a non-nutrient agar (NNA) plate seeded with live Escherichia coli, then
incubated at 30° C under standard atmospheric conditions and were observed daily for 7
days for trophozoites and 14 days for cysts [15, 16].

Direct unstained and temporary staining by iodine preparations:

Two drops of clean sediment were dropped on a glass slide, covered with a
coverslip, examined, and photographed for permanent record. The wet mount staining
was prepared by spreading out two drops (50 pul) of amoeba suspension on a glass slide, a
drop of 0.2 % iodine was added, and finally put a coverslip to enclose the material.
Stained slides were examined under a light microscope and photographed for the
permanent record [17, 18].

Pathogenicity tests in vitro:

The physiological behavior of the isolates under different temperatures
and osmolarity conditions were evaluated with the bacteria co-cultures in non-nutrient
agar. The positive growth media were washed with sterile phosphate buffered saline (pH
7.2) then gently scraped the surface of the agar and the content was centrifuged for the
collection of Acanthamoeba trophozoites or cysts. Pathogenicity is expressed as test
scores, and high pathogenicity is considered if the results obtained in both thermal and
osmotic assays are positive. A positive result in either test was considered as low
pathogenic and negative results in both tests were considered non-pathogenic [19, 20].

A. Thermotolerance assays:

Trophozoites of Acanthamoeba (10°*/plate) were transferred to the center of freshly
prepared 1.5% NNA plates seeded with E. coli, then incubated at various temperatures
30°C (control), 37°C, and 42°C for 14 days. The results were recorded based on the
growth at the end of the incubation period. The plates were observed under a microscope
(100x magnification) and the number of trophozoites or cysts were counted in the middle
region of the cultured plates. Results of pathogenicity were scored based on the number
of counts, zero count (-, non-pathogenic), 1-15 (+), 16-30 (++), and >30 (+++).

B. Osmotolerance assays

Trophozoites of Acanthamoeba (10%/plate) were transferred to the center of freshly
prepared 1.5% NNA containing 0.5 M, 1 M concentrations of mannitol. E.
coli suspension was over- layered to each plate and incubated at 30°C for a maximum of
2 weeks. On days 7-9, the plates were observed under a microscope (100x magnification)
and the number of trophozoites or cysts were counted in the middle region of the cultured
plates. Results of pathogenicity were scored based on the number of counts, zero count (—
, hon-pathogenic), 1-15 (+), 16-30 (++), and >30 (+++).


https://www.sciencedirect.com/topics/immunology-and-microbiology/osmolarity

Isolation and identification of free-living amoeba from contact lenses: Thermal and osmotic 43
tolerance in relation to their pathogenicity

RESULTS

Isolated and detected FLA.

In the present study, the whole positive result percentage was 33% and that of
isolated FLA in NL, UL, and LS was 18 (36%), 4 (13.3%), and 11 (55 %), respectively as
shown in figure (1A & B).

A

M Positive

W Negative

1 Positive ™ Negative Positive m Negative Positive M Negative

Figure (1): Percentage of FLA isolated from lenses and preservative solutions.

Morphological characterization of the isolated FLA:

A- Morphological characterization of Acanthamoeba sp.

Trophozoites of Acanthamoeba were easy to be identified under the light
microscope by the presence of needle-like as the minute projections of the false feet on
their surface known as acanthopodia. The average size of Acanthamoeba trophozoites
was in the range of 12- 45 microns and it had one nucleus. The endoplasm contained
many food vacuoles and prominent contractile vacuoles that controls the water content of

the cell (Figure. 2).
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Figure (2): Photomicrograph of wet-mount Acanthamoeba trophozoites showing
acanthopodia (arrowhead) and vacuole (arrow) (x400).

Whereas, the isolated cysts of Acanthamoeba showed doubled-walled, circular
oval or polyhedral inner wall (endocyst) and wrinkled or smoothly fibrous outer wall
(exocyst). The outer cyst is separated well from the inner cyst. The size of Acanthamoeba
cysts ranged from 7 - 25 microns in diameter. Cysts contain only one nucleus with a large
karyosome. A wall pore with an operculum was observed (Figure 3 A- F).

10 um

Figure (3): Photomicrograph of direct wet mount Acanthamoeba spp. cysts showing
smooth ectocyst in A, B, C and shrinking ectocyst in D, E, F (arrowhead) and endocyst
(arrow) (x1000).
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Some stages of excystation and asexual division of Acanthamoeba were seen as in
figure (4A-J).

Figure (4): Photomicrograph showing some stages of Acanthamoeba spp. some stages
showing growing cyst to trophozoite (excystation) (A-H) and asexual division (I-J)
during the life cycle (x1000).

Wet preparation staining with Lugolé iodine stain showed that the cyst and
trophozoites stages appeared yellowish-brown and had good differentiation as shown in

figure (5A& B).

Figure (5). Photomicrograph showing Acanthamoeba in iodine wet mount stain. (A)
Trophozoite appeared yellowish-brown with the dark nucleus; (B) Cysts appeared
yellowish—brown with well- defined ectocyst (Ec), endocyst (En), and central nucleus (N)

(x1000).
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The cysts size and angle number of A. castellanii and A. polyphaga.

Depending on the morphological characteristics of the cyst out of the 29 samples,
2 (6.9 %) culture plates were A. castellanii, 15 (51.7%) were A. polyphaga, and 12
samples (41.4%) were other Acanthamoeba species. The size of Acanthamoeba sp. cysts
were different from one species to another as shown in (Table. 1, Table. 2, and figure 6

A and B) showed the number of A. castellanii and A. polyphaga cysts angles.

Table (1). Size of A. castellanii and A. polyphaga cysts.

Acanthamoebasp. | A. castellanii | A. polyphaga
Size average 10 - 22um 7- 30pm
Mean 16 19
SD 6 12
Table (2): Number of cysts angles
Acanthamoebasp. | A. castellanii| A. polyphaga
Number of angles 3-4 2-35
Mean 3.5 3.5
SD 0.5 1.5
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Figure (6): Photomicrograph of (A) A. castellanii and (B) A. polyphaga cysts showing
the numbers of angles (x1000).

B. Morphological characterization of Naegleria sp.

Naegleria sp. appeared in three stages (the trophozoite stage, the flagellate stage,
and the cyst stage). The trophozoite stage appeared irregular in shape, measuring 15- 25
um in diameter, it had a single nucleus with a prominent nucleolus. The endoplasm
contained numerous food vacuoles and it moves by lobopodia. The flagellate stage was
pear-shaped and had two flagella at the pointed end and had actively moved. Finally, the
cyst stage was spherical with a double- walled poorly differentiated outer wall; it had a
single inconspicuous nucleus and measured 8-12 um in diameter. Figure (7A, B & C).

Figure (7): Light micrographs of Naegleria sp. showing (A) A prominent nucleus
(arrow) and lobopodia (arrowhead) of Naegleria trophozoite; (B) Showing flagellate
stage of Naegleria sp; (C) Cyst stage of Naegleria sp showing cyst wall (arrow) and a
single nucleus (arrowhead) (x1000).
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Lugols iodine stain Trophozoites and cysts of Naegleria sp appeared brown to
yellowish-brown as shown in figure (8A& B).

Figure (8): Light micrographs of Naegleria sp. showing trophozoite (A), and cyst (B)
stained with iodine stain (x1000).

C: Morphological characterization of Sappinia diploidea

Sappinia diploidea isolated from the solution. It had two phases, trophozoite, and
cyst as in figure (9 A-D).

a. The trophozoite stage: had an irregular shape and moved by lobopodia. The size
ranged from 20- 50um.

b. The cyst stage: had a large size of 47-50 um, had two divided nuclei, which sere
sometimes appeared united.
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Figure (9). Light micrographs of Sappinia diploidea showing (A) Trophozoite stage with
a hyaloplasm monopodial in the anterior part of the cell (arrow); (B) Binucleated cyst
stage (arrow); (C) The two nuclei are united together (arrow); (D) A prominent
binucleated cyst stained with iodine stain (arrow) (x1000).

Thermotolerance and osmotolerance assays for isolated FLA.

Table (3) showed thermotolerance assays and osmotolerance assays growth score
(0 = none, + =1-15, + + = 16-30, + + + = >30). All species had a highly growing score of
more than 30 at 30 °C, whereas other Acanthamoeba spp. showed moderate growing
score (16- 30) at 37 °C, Naegleria sp. showed a growing score >30 at 37 °C. At 42 °C the
growing score of A. polyphaga and Naegleria sp. was +. Osmotolerance assays showed
A. castellanii, A. polyphaga at 0.5 M were more than 30. A. castellanii showed a growing
score was + + at 1M, and A. polyphaga growing score was less (+). S. diploidea growth
well at three temperature degrees, but osmotolerance assays growing score of Naegleria
sp. and Sappinia diploidea was zero at 0.5 M and 1 M.
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Table (3) Thermotolerance and osmotolerance assays.

Isolated species No. of Thermotolerance Osmotolerance

| —
samples 30°c 37°C 42°C O05M 1M Pathogenicity

A. castellanii 2 (7 %) +++ ++ 0 +++ ++ Weak pathogenic
A. polyphaga 15 (52%) +++ ++ + +++ + Strong pathogenic
Other Acanthamoeba spp. 12 (41%) +++ ++ 0 0 0 Non- pathogenic
Naegleria sp. 3 +++ +++ + 0 0 Non- pathogenic
S. diploidea 1 ++ ++ + 0 0 Non- pathogenic
DISCUSSION

In the present study, FLA isolated from contact lenses and contact lenses solutions
were matched with previous studies [21, 22] which reported that FLA is the widely
distributed protozoa in the environment. Interestingly, the isolated FLA especially
Acanthamoeba sp. in NL higher than that in UL, which may indicate poor storage of the
lenses in stores, exposure to dust, dryness, poor manufacturing, and poor quality of some
types. While the low insulation ratio in UL may indicate the health awareness of lens
users in dealing with lenses in terms of using lens preservation solutions and avoiding
contamination of lenses from hands or dust [23]. Furthermore, lenses and their solutions
may be contaminated with Acanthamoeba from water and dust [24, 25]. In addition, we
isolated FLA belonging to Naegleria sp. from three samples. Similarly, [26] mentioned
that Naegleria sp. is commonly detected in the human environment worldwide.

Observations of the present study demonstrated that the trophozoite of
Acanthamoeba spp. was developed from the cyst on day 4 and appeared as described by
[27] and [8] who reported that Acanthamoeba trophozoites have irregular, oval, round or
pear-shaped acanthopodia that arise from the clear hyaline ectoplasm laterally and
anteriorly, and different kinds of vacuoles. In addition, cysts of Acanthamoeba spp.
appeared as described by [28] who found that ectocyst appears wrinkled and separated
from the endocyst that was thin and smooth. Also, the ectocyst is wrinkled and the
endocyst was polygonal and had a finely granular appearance [27].
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Identification of Acanthamoba sp. showed that the cyst and the trophozoite
morphology resembled the various species of group Il and group Ill based on size,
morphology, and number of opercula [29]. Cysts of group Il were smaller than 18 um in
size and exhibited thick, wrinkled ectocysts and satellite, oval or polygonal endocysts.
The cyst of group 111 diameter is < 19 um with globular or ovoid endocysts [30, 31& 32].
Species A. castellanii and A. polyphaga were classified under group 11, and isolated from
humans who have AK and GAE diseases [31].

The observed data of Naegleria sp. was matched with the observation of [33] and
[34] who reported that the trophozoites of Naegleria sp. were ~10-20 pum in size and
contain a single nucleus with a large karyosome; possessed lobopodia, and can transform
to a flagellated form. However, cysts were single-walled, spherical, and 8 to 12 pum in
diameter. Both trophozoite and cyst stages of S. diploidea are binucleate and can be
cultivated on non-nutrient agar plate coated with bacteria [12].

In the present study trophozoite and cyst of Acanthamoeba sp. and Naegleria sp.
were stained well with iodine. This agrees with the results of [17] and [35] who reported
that Lugol’s iodine stains the internal structures of trophozoites and cysts both in
Acanthamoeba and Naegleria yellow to brown, exhibiting clear nuclei. The acanthopodia
or lobopodia of trophozoites were stained brown to yellow-brownish and making the
organisms clearly differentiated.

The distribution of amoeba species has faith in their ability to survive in front of a
wide range of environmental factors, with the cysts being able to tolerate changes in
salinity, desiccation, temperature, and osmotic pressure, as well as exposure to chemicals
and prolonged starvation [36]. The ability of Naegleria and Acanthamoeba to grow at
high temperatures appears to be indirect factors related to virulence, with non-virulent
strains unable to grow at normal or elevated body temperatures [37]. So, the pathogenic
potential of the isolated amoebae, thermotolerance, and osmotolerance was evaluated. As
regards A. castellanii and other Acanthamoeba spp. growth at 30 °C, 37 °C only whereas,
A. polyphaga growth at 30 °C, 37 °C and 42 °C. These results were in agreement with
[15] who reported that the optimal cultivation temperatures of these FLA at 23 to 37 °C.
Furthermore, [38] found that the growth of A. castellanii was good close to the surface
temperature of the human cornea, while the higher body core temperature-induced
encystment of the amoebae in both clinical and environmental strains of A. castellanii.
Also, the ability of the amoeba to resist normal body temperature or even fever
occurrences in the host is related to thermotolerance [39].

The corneal temperature is about 32-35°C. However, the corneal surface
temperature changes with the ambient temperature, airflow, and humidity. In general, the
surface temperature is measured to be 1- 4 °C, lower than the core body temperature and
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the temperature of the corneal center is 0.5-1.0 °C, lower than at the limbus area; the
human brain temperature is 37°C and strains that cannot grow at these temperatures most
probably cannot cause disease. Therefore, colonization by the amoeba could be possible
even when the organism is not able to grow at temperatures above 37°C. Moreover, the
growth of amoebae at temperatures above 40°C is directly correlated to their capacity to
produce cellular damage in vitro. However, different species of Acanthamoeba may be
thermotolerant but non-pathogenic [40, 41]. Three Acanthamoeba isolated had low
virulence which seems to be related to low water temperatures [42]. [43] concluded that
T4 strains isolated from clinical and non-clinical isolates, prefer to grow at temperatures
lower than 37°C. On the other hand, [20] reported that isolated Acanthamoeba strains
were thermotolerant and grown at 42°C. The mechanisms by which pathogenic
Acanthamoeba adapt to higher temperatures and maintain their metabolic activities
remain entirely unknown [44]. The ability of Acanthamoeba cyst to tolerate the
temperature due to the presence of high cellulose concentration in the inner wall of the
cyst stages [45, 35].

This study also, showed that A. castellanii and A. polyphaga grow at 0.5 M and 1
M. Growth at high mannitol concentrations has been associated with the ability to resist
high osmotic pressures, a situation that the amoebae could face when they act as parasites
of the corneal epithelium [38].

The appropriate temperature for best growth for Naegleria spp. flagella stage is
35-46°C [34]. However, in the present study Naegleria spp. has the potential to grow at
30 °C, 37 °C, and 42°C and could not grow at 0.5 or 1.0 M mannitol. Similarly, N.
fowleri has been detected in environmental water samples from 16°C to 47°C [46]. In
addition, several amoeba species are also capable of growing at 40°C or higher, such as
N. fowleri [47]. Acanthamoeba spp. are capable of surviving under conditions that are
lethal for Naegleria spp. Although non-pathogenic N. gruberi appears to survive under
normal temperatures far better than pathogenic Naegleria spp [48].

CONCLUSION

In conclusion, the current study showed that Acanthamoeba spp. were the most
prevalent amoebae isolated from contact lenses and lenses solutions. A. polyphaga was
the only amoebae that could survive in high osmosis and temperature that seem directly
associated with virulence.
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