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ABSTRACT

Acanthamoeba are ubiquitous widely distributed in different water sources feed mainly by phagocytosis.
The ability of Acanthamoeba to feed on gram-negative bacteria, as well as to harbor potential pathogens
suggests that both amoebae and bacteria are involved in complex interactions, which may play important roles
in the environment and in human health. We report here the isolation of three Acanthamoeba strains, two are
potentially pathogenic and the 3 one is potentially nonpathogenic from the Nile River and tap water sources
from different localities in greater Cairo, Egypt and confirmed by polymerase chain reaction (PCR) using genus
specific primer. We studied Acanthamoeba species interactions with certain types of pathogenic bacteria
isolated from the same water sources, by direct microscopically observation of a simple "agar plate"
experimental system and have confirmed the presence of endosymbiotic bacteria, using transmission electron
microscopy and tested the ability of both bacterial strains and various Acanthamoeba isolates to survive within
each other's.
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Introduction

Water is life; however it also can be a carrier of suffering and death. Waterborne infections represent health
hazard for global community and were responsible for many cases of death per year. Diseases contacted through
drinking water kill about 5 million children annually and make 1/6 of the world population sick (WHO, 2004).
A variety of etiological agents have been implicated in water borne diseases which include: bacteria, viruses and
parasites. Basically, when the bacterial diseases in which the pathogens are in the water and ingested at a
sufficient dose, infect the drinker. The majorities of these pathogens reach the water through contamination with
human or animal excreta and ultimately enter the body through fecal-oral transmission. The more important of
these diseases include Escherichia coli (E. coli) diarrhea, shigellosis, cholera, viral diarrheas, amoebic dysentery
and diarrheas of non-specific etiology (EPA, 2003; Osuinde and Eneuzie, 1999).

Free-living amoebae are common to soil and water environments and important in the cycling of organic
matter in the ecosystem, as they graze on the ample supply of bacteria and fungi. Some amoebae are known to
cause rare but serious illnesses in humans. Acanthamoeba is a free-living protozoan pathogen that is widely
distributed in the environment, including air, soil, tap water and swimming pools (Khan, 2003; Visvesvara and
Schuster, 2008). Acanthamoeba are the causative agents of granulomatous amoebic encephalitis (GAE), a fatal
disease of the central nervous system (CNS), and amoebic keratitis (AK), a painful sight-threatening disease of
the eyes. Acanthamoeba species also have been associated with cutaneous lesions and sinusitis in AIDS patients
and other immune-compromised individuals (Marciano-Cabral and Cabral 2003). Furthermore, Acanthamoeba
may have veterinary significance as demonstrated by the presence of amoebae in diseased or dead cows, sheep,
horses, dogs, pigs, rabbits, pigeons, turkeys, and fish (Taylor, 1997; Kinde et al., 2007). In sheep, a case of
amoebic meningo-encephalitis was described in ewe suffered from ataxia and walking in circles (Fuentealba,
1992). Granulomatous amoebic encephalitis in addition to systemic infections caused by Acanthamoeba sp. was
detected in horse (Kinde et al. 2007). Disseminated acanthamoebiasis was diagnosed in pyogranulomatous
lesions in brain, thyroid, pancreas, heart, lymph nodes, and kidney of a one-year-old dog (Dubey et al. 2005).

In addition to its direct role in causing human and animal infections, it is now well established that
Acanthamoeba acts as a host for various bacterial pathogens including Legionella pneumophila, Coxiella
burnetii, Pseudomonas aeruginosa, Vibrio cholera, Helicobacter pylori, Listeria monocytogenes and
Mycobacterium avium and may act as a vector to transmit these pathogens to susceptible hosts (Alsam et al.,
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2006). Acanthamoeba spp., are well adapted to hostile environments, such as elevated temperatures,
chlorination, and various disinfectants (Ahearn and Gabriel 1997). By their ability to encyst and to resist
chlorination may therefore potentially provide shelter for less tolerant bacteria. The intracellular growth has
been associated with enhanced environmental survival of the bacteria, increased virulence and increased
resistant against antibiotic substances (Barker et al., 1999). Acanthamoeba were suggested as the possible new
sources, reservoirs and transfer mechanisms of infections caused by bacteria (Tomovet et al., 1999). Thus, the
presence of Acanthamoeba spp. and pathogenic bacteria in tap water is an important public health issue. Our
study was planned to analyzed samples of tap and Nile water for the presence of Acanthamoeba isolates and
bacterial agents which mainly cause gastroenteritis and the interactions between certain types of these isolated
bacteria and Acanthamoeba isolates. On the other side we studied the differences in the reaction between
Acanthamoeba species and gram positive, negative bacteria.

Materials and Methods
A. Samples:

Water samples were collected from the Nile River and tap water from different localities in greater Cairo,
Egypt (Table 1). Collected samples were sent to the laboratory in ice box and processed at the same day of

collection.

Table 1: Sampling sites and water sources.

Locality Water Type

El Roda River Nile and Tap
Embaba River Nile and Tap
Giza River Nile and Tap
Madii River Nile and Tap
Rod Elfarg River Nile and Tap

B. Isolation and maintenance of Acanthamoeba isolates:

Acanthamoeba were isolated from Nile and tap water specimens by using the membrane filtration technique
(Gradus et al. 1989). Briefly, One liter of each water sample was filtered through a nitrocellulose membrane
filter (0.45 pum pore size and 47 mm in diameter) (Whatman, WCN type, Cat No. 7141-104) using a stainless
steel holder connected with a suction pump. The suction was stopped, holder was disconnected and membrane
was removed before complete dryness. The membranes were applied directly to the centers of the 1.5% non-
nutrient agar plates overlaid with a suspension of live E. coli, which were then incubated at 37 and 40°C for up
to 7 days until growth of the Acanthamoeba organisms. Acanthamoeba identified morphologically using light
microscope in the bases of cyst morphological characteristics (Pussard and Pons, 1977; Page, 1988).

C. DNA extraction, gene amplifications:

Total DNA was extracted from Acanthamoeba isolates with the Qiagen Genomic DNA extraction kit (QIA
amp, Germany) according to manufacturer's instructions and used as template for the PCR analysis. Genus-
specific primers were used for the PCR amplification of 18S rDNA as previously described (Kilic et al., 2004).
Primer sequences were 5 TTTGAATTCGCTCCAATAGCGTATATTAA-3 and 5TTTGA-
ATTCAGAAAGAGCTATCAATCTGT-3". The PCR reactions were performed at 94°C for 1 min, 58°C for 1
min, 72°C for 1 min for 35 cycles, and a final elongation step of 10 min at 72°C were performed with a thermal
cycler (Biometra, Goettingen, Germany). Amplified DNA was electrophoresed on a 2% agarose gel, stained,
and visualized under UV illumination.

D. Osmo-tolerance assay for pathogenicity of genus Acanthamoeba:

The isolated free-living amoebae that proved morphologically and molecularly to be Acanthamoeba were
cultivated on non-nutrient agar plates containing one molar (1 M) manitol. Approximately 5 ml of late log phase
cultures of E. coli were poured on non-nutrient agar plates containing 1 M manitol and left for 5 min, after
which the excess bacterial culture fluid was removed and plates were left to dry for 10 min. After that, 50 ul of
each Acanthamoeba strain were separately inoculated at the center of the plate. Inoculated plates were incubated
at 30°C for up to 72 hours with daily observation. Growth and persistence of pathogenic Acanthamoeba species
were observed by measuring the increase in diameter of clearance zone in the bacterial lawn. The increase in
zone diameter was an indication of the increase in pathogenicity of the inoculated Acanthamoeba species (Khan
etal., 2002).
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E. Isolation and maintenance of Bacteria:

Water samples were taken from Nile and tap water (1 liter for each) in sterile glass bottles with sodium
thiosulphate as dechlorinating agent. Samples were concentrated by filtration through 0.45um pore size
nitrocellulose filters (Sartorius - France), and then the filters were vortexed in peptone broth for recovering the
bacteria. After removing the filters, the bacteria were flourished in nutrient broth at 37°C for 20 hours. The
samples were streaked onto the surface of the following media MacConkey's, EMB (eosine methylene blue),
blood and mannitol salt agar and incubated at 37°C for 24-48 hours according to Bezuidenhout et al. (2002).

F. Characterization and identification of the bacterial isolates:
e Traditional methods:
Gram staining:

Firstly pure cultures of the isolated bacteria were subjected to gram staining in order to determine bacterial
morphology (Koneman et al., 1988).

Biochemical characterization:

Biochemical tests and the taxonomic position of those isolates were determined mainly following the
schemes of Holt et al. (1994) and SCA (2002), for Enterobacteriaceae , Staphylococcus and Micrococcus
genera.

e Analytical Profile Index API methods

The identification of isolates was confirmed by using API 20E for Enterobacteriaceae and the API Staph
strip for the genera Staphylococcus and Micrococcus. Presumptive identification of oxidase-negative colonies
was performed by API 20E (BioMerieux, USA) biochemical profiling test according to manufacturer's
instructions. Presumptive identification of coagulase-positive colonies was performed by API Staph strip for the
genera Staphylococcus and Micrococcus. (BioMerieux,USA) biochemical profiling test according to
manufacturer's instructions. The seven-digit octal number (see above) was calculated, and the organism identity
was determined from the profile analytical profile index.

e Serotyping:

The serological classification of E. coli depends on the identification of the somatic antigens (O). O
antigens were identified as described by Guinee et al. (1981), using all available somatic antigens (O1 to O185)
antisera.

G. Coculture Experiments:

Overnight bacterial cultures were washed three times in Page’s Amoeba Saline (PAS) and diluted to
approximately 10'® cells/ml (with a McFarland 1 BaSO4 standard). Aliquots (100 ul) were spread onto non-
nutrient agar (NNA) plates. One-week-old cultures of different Acanthamoeba isolates grown at 37°C were
washed three times in PAS, and 50 pl of approximately 10°cells/ml (with a McFarland 0.5 BaSO4 standard) was
spotted in the center of agar plates followed by incubation for 30 min to allow the amoebae cells are settled. Co-
cultures were incubated at 30°C for 5 days. The morphology of the amoebae was assessed daily using inverted
microscope. All growth experiments were done in triplicate (Gaze et al., 2003).

G.1. Acanthamoeba viability assay:

After non-nutrient agar surfaces were soaked with 5 ml of PAS saline by shaking, cysts on the non-nutrient
agar plates were gently scraped-off the agar surface using a cell scraper. Cysts were collected by centrifugation
at 4000 rpm for 5 min, washed 3 times with PAS, 100 pl was transferred into a 1.5 ml eppendorf tube. The
viability of Acanthamoeba alone or Acanthamoeba with bacteria was determined by adding 100 pl 0.3% trypan
blue to the eppendorf tube, The tubes were immediately and vigorously vortexed followed by quantification of
viable cells and non-viable cells using haemocytometer within 10 min after staining (Xiaohui and Ahearn,
1997).
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G.2. Bacterial survival assay:

To determine the ability of bacteria to be surviving with different Acanthamoeba isolates were determined
as mention above at 48 h post infection by adding gentamicin (100pug/ml for 45 min) to kill extracellular
bacteria. Finally, amoebae were lysed by adding SDS (0.5% final conc.) to each eppendorf tube for 30 min to
solubilize any remaining trophozoites, and then bacteria was plating on nutrient agar plates (Matin and Jung,
2011).

H. Electron Microscope:

Samples (5 ml) of co-cultivated amoebae were centrifuged for 10 min at 300 xg in high speed centrifuge
and then washed with phosphate buffer saline (PBS). Each pellet of infected amoeba was fixed in 5%
glutaraldehyde in 0.1 M sodium cacodylate buffer pH 7.3 for 30 min at room temperature. Samples were then
washed in sodium cacodylate buffer and post fixed in 1% osmium tetroxide in the same buffer for 1 h. The
samples were centrifuged and the pellets were dehydrated and embedded in Epoxy resin, LX-112. The
embedded samples were cut into ultra-thin sections, placed on grids, and stained with 2% aqueous solution of
phosphotungastic and uranyl acetate. Sections were examined with a transmission electron microscope
according to Christopher et al. (1988) and Abd et al. (2009).

Results:
Free-living amoebae:

Amoebic trophozoites were detected on non-nutrient agar (NNA) plates from water samples taken from
Nile and tap water after 2 days of incubation at 40°C (Figure 1a). Cysts were also present on NNA plates after

one week of culture at 40°C (Figure 1 b). The amoebae were identified as belonging to the genera
Acanthamoeba according to morphological characteristics of trophozoites and cysts using light microscope.

Fig. 1a: Trophic form of Acanthamoeba sp. Fig. 1.b: Cystic form of Acanthamoeba sp.

In order to confirm the identification of Acanthamoeba present in the water samples, Acanthamoeba DNA
incubated together with the Acanthamoeba-specific primers gave the expected Acanthamoeba product (910 bp).
A PCR product for Acanthamoeba was observed on the gel (Figure 2).
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Fig. 2: Agarose gel amplification of 18S rDNA of Acanthamoeba species were subjected to electrophoresis on
2% agarose gel. Lane M: 100 bp DNA ladder; Lane 1-6:A. spp.

Bacteria:
Bacterial morphology and gram staining:

According to gram staining and bacterial morphology under microscope the isolates were divided to two
groups. First one was gram-negative rods and the second one was gram positive cocci arranged in clusters
(Table 2 & 3).

Colony morphology:

On EMB, smooth, distinctive metallic green sheen colonies were appeared. The samples were grown on
MaCconkey showed pink, mucoid colonies in addition to that certain types of bacteria showed only pink
colonies. On Mannitol salt agar yellow colonies with yellow zones and red colonies were detected.

Biochemical reaction tests:

According to table (4) twenty water samples were collected. The incidence of Escherichia coli, Salmonella
arizonae, Klebsiella pneumonae, Enterobacter cloacae Proteus mirabilis, Kluyvera ascorbata, Providencea
spp., and Staphylococcus aureus isolation were 20 %, 20%,10%,10 %, 10 %,5 %, 5% and 20% respectively.
The table shows also that Escherichia coli, Klebsiella pneumonae and Staphylococcus aureus were isolated
from both the Nile and tap water.

Serological classification of E.coli:

According to serological classification, the strain of E. coli which isolated from tap water is belonged to E.
coli serotype O125.

Table 2: API identification of isolated Gm -ve rods :

Escherichia Klebsiella Salmonella Enterobacter Proteus Kluyvera Providencea

coli pneumonae arizonae cloacae mirabilis ascorbata spp
ONPG + + + T B ¥ B
ADH - - . + B B B
LDC + - + _ N ¥
ODC - - + + + +
CIT - + - + + ¥ .
H,S - - + - + - -
URE - + + - + - +
TDA - - + . + B T
IND + _ _ _ N n "
VP - T T T - B -
GEL - - T B B B
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GLU + + + + + + -
MAN + + + + - + +
INO - + - + - - -
SOR + + ¥ ¥ _ n N
RHA + + + + - + -
SAC + + + + - + -
MEL + + + + - ¥ .
AMY - + _ . N ¥ -
ARA + + + + - + -
0X - - - - - - -
Table 3: API identification of isolated Gm +ve cocci :
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Table 4: Bacterial isolates from water samples

Type of isolated strain River Nile water Tap water
Escherichia coli 3 1
Klebsiella pneumonae 1 1
Salmonella arizonae 4 -
Enterobacter cloacae 2 -
Proteus mirabilis 2 -
Providencea spp 1 -
Kluyvera ascorbata 1 -
Staphylococcus aureus 3 1
Total 17 3

Co-Culture of Acanthamoeba with different bacteria spp.:

In order to evaluate the ability of different Acanthamoeba isolates to act as hosts for pathogenic bacteria, we
initiated our experiments by infecting three different Acanthamoeba isolates were chosen two of them
considered as potentially pathogenic (A. castellanii & A. polyphaga) and the other one considered as potentially
non-pathogenic (A. triangularis) from the osmo-tolerant test with three different bacteria isolates which isolated
from both Nile and tap water by the co-culture method. All bacteria isolates showed the ability to survive intra-
cellularly. Moreover, there seems to exist an apparent correlation of bacterial survival to the thermo-tolerance of

the host amoeba species.

Table 5: Growth of A. castellanii, A. polyphaga and A. triangularis with different bacteria isolates at 30°C

A castellanii A polyphaga A triangularis
Acanthamoeba spp.
Bacteria
Sp.
Escherichia coli 0125 +Ve +Ve +Ve
Klebsiella pneumonae -Ve +Ve -Ve
Change in cyst shape Grapes shape
Staphylococcus aureus -Ve -Ve +Ve
(cyst shape) (cyst shape)

Where, (+Ve) means cyst change to trophozoite ; (-ve) means cyst didn’t change to trophozite

The distribution of amoebae on the plates changed with time as amoebae cysts migrated outward from the
inoculation site. On day one A. castellanii and A. polyphaga no change in cyst with the three isolates of bacteria,
from day two both Acanthamoeba cysts change to trophozoites till fifth day (Table 5, Figure 3 A & B).
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Moreover A. triangularis cyst change to trophozoites from the first day post infect with E. coli (Table 5, Figure
3C). A. castellanii and A. polyphaga post infected with Staphylococcus aureus, where no excystations occur
although no indication of killing cysts (Figure 4 A & B). On the contrary, A. triangularis cysts change to
trophozoite from the first day with Staphylococcus aureus (Table 5; Figure 4 C). A. castellanii and A.
triangularis infected with Klebsiella pneumonae abnormal changes in cyst shape occur during all days of the
experiment in comparable to control cyst of A. castellanii and A. triangularis without Klebsiella pneumonae
(Figure 5 A & B), while A. polyphaga change to trophozoites post infected with Klebsiella pneumonae (Table 5;
Figure 5 C).

Viability of Acanthamoeba:
Growth of Acanthamoeba with lawn of bacteria:

Although most of Acanthamoeba present as cysts after 3 days of incubation, there was no evidence to
indicate killing of amoebae by bacteria on co-culture plates. When co-cultured at 30°C for 4 days, most amoeba
cells were present as cysts. No differences in the morphology of Acanthamoeba trophozoites were observed at
any stage of incubation on bacterial lawns. No amoeba cell debris was found on the co-culture plates when the
two strains of Acanthamoeba cells were co-cultured with different types of bacteria (Figure 6).

Fig. 3: Shows interaction of Acanthamoeba spp. with E. coli
A: A. castellanii trophozoite &cyst; B: A. polyphaga trophozoites; C: A. triangularis trophozoites

Fig. 4: Shows interaction of Acanthamoeba spp. with Staphylococcus aureus
A:A. castellanii cyst; B: A. polyphaga cyst; C: A. triangularis trophozoite
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Fig. 5: Shows interaction of Acanthamoeba spp. with Klebsiella pneumonae
A: A castellanii abnormal cyst; B: A. triangularis grapes shape cyst; C: A. polyphaga trophozoite

Fig. 6: Viable cyst and trophozoite where Acanthamoeba isolates have no stain with trypan blue

Survival of bacteria within Acanthamoeba:

The three bacteria strains used for this test were showed intracellular survival inside the amoebae. These
results appeared in form of bacterial colonies on the surface of Eosin methylene blue, MaCconkey and nutrient
agar plates for E.coli O:125, Klebsiella pneumonae and S.aureus respectively as showed in figure (7 A, B and
O).

Fig. 7: Showes K. pneumonae; E. coli and S. aureus viable in media plates
A: K. pneumonae with pink mucoid colonies on MaCconkey agar plate; B: E.coli with green
metallic sheen on EMB media; C: S. aureus on nutrient agar plate
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Transmission election microscopy:

Transmission electron microscopy of sections of Acanthamoeba post infection with bacteria mixture
incubated at 30°C demonstrated intracellular bacteria with an ultrastructure consistent with that of Klebsiella
pneumonae and Staphylococcus aureus (Figure 8).

Fig. 8: Electron micrograph showing Acanthamoeba full of bacteria (Klebsiella pneumonae and Staphylococcus
aureus) which are free in cytoplasm. A: Acanthamoeba castellanii infected with Klebsiella pneumonae;
B:A. catellanii infected with Staphylococcus aureus)

Discussion:

Acanthamoeba species are some of the most ubiquitous protozoa and are especially widespread in water
and highly resistant to decontamination. Acanthamoeba is the causative agent of Acanthamoeba keratitis and
also granulomatus encephalitis (Visvesvara and Schuster, 2008). In the last years, Acanthamoeba infections of
the ear (Dunand et al., 1997), skin (May et al., 1992), as well as infections of inner organs (Friedland et al.,
1992), even one case of amoebic osteomyelitis (Selby et al., 1998), has been described. Bacteria are a primary
food source for heterotrophic Acanthamoeba. However, not all bacteria are digested following ingestion. For
example there are now a number of reports that facultative intracellular bacterial pathogens are able to evade
digestion and under appropriate conditions are able multiply within the protist host cell (Gaze et al., 2003;
Greub and Raoult, 2002; Kahane et al., 2001; Lamothe et al., 2004). A number of studies report that free-living
amoebae (FLA) support survival of pathogenic bacteria (Shanan et al., 2011).

The occurrence of FLA in domestic water supplies has been reported previously (Marciano-Cabral et al.,
2003; Blair et al., 2008; Shoff et al., 2008). In the present study, amoebae and bacteria were observed in water
taken from Nile River and tap water. All sample sites were positive for Acanthamoeba morphologically and by
PCR for genus specific primers and all strains exhibited thermo-tolerance. The potential pathogenicity of these
isolates was determined; however, except one Acanthamoeba strain all isolates exhibited osmo-tolerance. The
isolated bacteria were identified as Escherichia coli, Salmonella arizonae, Klebsiella pneumonae , Enterobacter
cloacae, Proteus mirabilis, Kluyvera ascorbata, Providencea spp., and Staphylococcus aureus isolation were
20 %, 20 %,10%,10 %, 10 %,5 %, 5% and 20% respectively as Escherichia coli, Klebsiella pneumonae and
Staphylococcus aureus were isolated from both river Nile and tap water. These finding agreed with Manji et al.
(2012) who recorded high incidence of Staphylococcus aureus, and antibiotic resistant Escherichia coli strains
in both treated and untreated rural water supplies. The high risk of water contamination with bacteria is
appeared in form of multiple drug resistances bacteria which could be transferred among members of the
Enterobacteriaceae, especially E. coli; many strains of E. coli carry resistance factors (R-factors or plasmids)
which confer resistance to antibiotics and can be transmitted among themselves and to other bacteria (Oyedeji et
al., 2011). Presence of S. aureus in water is considered as an indicator of hygienic status employed in the field
of production or distribution of drinking water (Mihdhdir, 2009). The serotyping of the strain of E. coli which
was isolated from tap water revealed that it is E. coli O125 which is an enteropathogenic Escherichia
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coli (EPEC) serogroup seemingly a causative agent of diarrhea in human and animals. Bakhshi et al. (2012)
isolated Escherichia coli O125 strain from children less than 5 years of age by a ratio of (42.8 %) in Iran while
Koch et al. (2001) isolated Shiga toxin-producing E. coli strains from sheep belonging to serogroups 0125, also
fecal samples obtained from 65 diarrheic calves of under 2 months of age were examined for E. coli one isolate
(1.85%) belonging to serogroup 0125 was found (Rajkhowa et al. 2009).

It is well known that Acanthamoeba acts as a host for several bacteria, and its ability to host bacterial
pathogens, has gained particular attention. This is a consequence of the finding that Acanthamoeba may host
bacterial pathogens under harsh environmental conditions, and may help transmit bacterial pathogens to
susceptible hosts, thus offering a potential route of entry into the body (Alsam et al. 2006). Here, we studied
bacteria interactions with Acanthamoeba spp. using pathogenic isolates of bacteria; we demonstrated that
bacteria have the ability to gain entry to amoebae and remain viable.

The growth of Acanthamoeba species on lawn of E. coli at 30°C provided good evidence that
Acanthamoeba trophozoites use this bacterium as a food source. Furthermore, the absence of cellular debris
typical of dead trophozoites cells or any change in the size or morphology of trophozoites indicated that E. coli
cells do not interfere with either the growth or encystment of trophozoites. According to the results of isolation
and intracellular bacterial survival inside the amoebae, the study stated that E.coli 0125, Klebsiella
pneumonae and S.aureus were isolated from river Nile and tap water and they survived inside the amoebae.
These finding was in harmony with Matin, and Jung, (2011) who stated that Acanthamoeba act as a reservoir for
bacterial pathogens suggests that they play important roles in the environment and contribute to infections with
bacteria. Acanthamoeba feed on microorganisms present on surfaces, in diverse environments (Brown
and Barker, 1999), and even at the air—water interface (Preston et al. 2001), the spiny structures or
acanthopodia that arise from the surface of Acanthamoeba trophozoites may be used to capture food particles
which usually are bacteria (Weekers et al. 1993). Food uptake in Acanthamoeba occurs by phagocytosis and
pinocytosis. Phagocytosis is a receptor-dependent process, while pinocytosis is a nonspecific process through
membrane invaginations and is used to take up large volumes of solutes/food particles (Bowers and Olszewski,
1972). Acanthamoeba uses both specific phagocytosis and nonspecific pinocytsis. Acanthamoeba resembles
human macrophages in many ways, particularly in their phagocytic activity (Jung, 2011). Macrophages and
Acanthamoeba exhibit parallel mechanisms in their interactions with E. coli, suggest that Acanthamoeba may
provide an alternative model to study E. coli pathogenesis as well as to understand bacterial immune evasion
strategies. Interactions of E. coli and Acanthamoeba are highly complex and depend on the virulence of E. coli
(OmpA and LPS). Acanthamoeba may act as a bacterial predator or as a reservoir or ‘Trojan horse’ for bacteria,
with environmental and clinical implications (Alsam et al., 2006), also the authors stated that rough LPS mutant
and the ompA deletion mutant exhibited significantly decreased invasion/uptake in Acanthamoeba compared to
wild-type E. coli K1.These finding agreed with our results that our strain E.coli O125 contains smooth LPS due
to presence of O —antigen(somatic antigen) and found to carry LT enterotoxin gene (Rajkhowa et al., 2009),
strains of this serotype displayed the aggregative adherence (AA) pattern and expressed intimin which could
allow organism to adhere specifically to certain tissues, especially epithelial tissues (Barros et al., 2008).
Smooth antigens probably allow resistance to phagocytes. It is known that the exact structure of the
polysaccharide can greatly influence water binding capacity at the cell surface. In addition to that, the O
antigens could provide protection from damaging reactions with antibody and complement, since rough mutants
are more readily engulfed and destroyed by phagocytes (Kenneth Todar, 2012).

Klebsiella species in general characterized by extracellular polysaccharide capsule which enhances
resistance to phagocytosis and/or digestion in mammalian white blood cells (Allen et al., 1987). This could
explain our result that Klebsiella pneumonae have ability to survive inside Acanthamoeba. The response of A.
castellanii and A. triangularis was more dramatic, where both amoebae growth rate were negative and forming
characteristic cyst unusual behavior. The reason why K. pneumonae induced such amoebic behavior is currently
unclear. There have been no reports that K. pneumonae is toxic to amoebae.

Survival of S.aureus inside amoebae agreed with Pickup et al. (2007) who reported that S. aureus have the
capacity to survive within A. polyphaga, also suggest that S.aureus avoid digestion within the amoebae
Hartmannella vermiformis and A. castellanii. They found that S. aureus possess no specific mechanism for
evading digestion but have post ingestion defenses such as a thicker cell wall, or an antioxidant yellow
carotenoid. Huws et al. (2008) stated that fluorescent confocal microscopy revealed that after 24 h of coculture
(Between S.aureus and Acanthamoeba), 30% of amoebae contained viable cocci within phago-lysosomes, and
10% of amoebae had viable bacteria throughout the cytoplasm. So, the authors believed that S. aureus may be
able to be withstanding acidic conditions and potentially accomplish intracellular replication. It is known that
phagocytosed S. aureus can either induce apoptosis of the host cell (Bayles et al., 1998), or survive for several
days in the cytoplasm, which is lacking antistaphylococcal activity (Proctor et al., 1994). The majority of the
amoebae with coexisting bacteria showed heavy bacterial infections; where amoebae enable the intracellular
living bacteria to survive unfavorable conditions (e.g. disinfectants) and can thus act as vectors for the bacteria.
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Conclusion:

In summary, A. castellanii, A. polyphaga and A. triangularis enhance survival of the three tested bacteria
strain. Also E. coli doesn’t inhibit growth of the 3 isolates of Acanthamoeba indicating endosymbionts host
relation between Acanthamoeba and E. coli. Acanthamoeba can act as hosts and thus as vehicle bacteria isolated
from Nile and tap water showing an apparent correlation to the physiological abilities of the amoebae, like
thermo-tolerance and growth rate. The ability of many bacterial pathogens to survive intracellularly in
Acanthamoeba has been suggested to be a key step in the evolution of environmental bacteria to produce human
and animal infections. The public health significance of Acanthamoeba in tap water is twofold. First,
Acanthamoeba serve as reservoirs for pathogenic bacteria. Second, Acanthamoeba species are themselves
opportunistic pathogens in humans. People with defective immune systems are especially vulnerable and there is
currently no good therapy for clearing opportunistic Acanthamoeba infections. The interaction between
Acanthamoeba and Klebsiella need further study.
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