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ABSTRACT

Members of genus Naegleria are known to cause infections of the central nervous system (CNS) of
humans and other animals. A total of 72 water samples (24 Nile, 24 tap and 24 ground water) were collected
from Giza governorate, Egypt. The collected samples were filtered through nitrocellulose membranes, then
placed on non-nutrient agar seeded with Escherichia coli for cultivation of free-living amoebae. The obtained
amoebae were molecularly identified to genus level for Naegleria species by real time PCR. The real time PCR
results revealed that the highest occurrence of Naegleria species (54.2 %) was recorded in Nile water, followed
by 25 % in each of tap and ground water samples. Statistically, various water types had a significant effect on
the prevalence of Naegleria species by using one-way ANOVA. In contrary, conventional statistical criteria
showed that the prevalence of Naegleria species in various water types was not significantly affected by the
seasons. In conclusion, Naegleria species may be considered a potential health threat if pathogenic species
exist in various water types. Therefore, long-term investigations on the prevalence of Naegleria species may be
necessary, to prevent further infestations of water types.
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INTRODUCTION

Waterborne diseases remain an important issue all over the world [1]. Because water is a human
necessity, every human being is exposed to potential risk of diseases caused by waterborne and water-based
pathogens. Waterborne diseases may originate from the contamination of water through human or animal
feces infected with pathogenic viruses, bacteria, or protozoa [2]. Despite effective treatment of drinking water,
outbreaks of waterborne disease are still attributed to exposure to pathogens in treated drinking water [3].
Although more than 880 such outbreaks were documented in the US between 1971 to 2008; numerous
occurred that were either not reported or not recognized [4].

Members of genus Naegleria were isolated from organs of freshwater fishes (5), dental treatment
units [6], soil [7], tap water and rivers [8,9], well water and reservoirs [10], natural hot springs [11], thermally
polluted run-off from industrial zones [12] and saline bath [13]. More recently, the United States
Environmental Protection Agency (USEPA) added Naegleria fowleri to their contaminant candidate list 3
(CCL3). The CCL is established by a process of identifying the waterborne infectious agents of concern in source
waters by evaluating significant health effects and occurrence of unregulated contaminants [14].

The genus Naegleria attracted much more attention, especially from the biomedical world, when it
was found that some Naegleria isolates cause a fatal brain infection named primary amoebic menin-
goencephalitis (PAM) in humans. The infection almost invariably results in death [15].

In Egypt, Naegleria spp. were detected in surface water, ground water, swimming pool samples, and
tap water [16]. The aim of this work to apply rapid and accurate technique (real time PCR) to detect and
identify Naegleria species in various type of water.

MATERIALS AND METHODS

A total of 72 water samples (Nile, ground and tap water) were collected from Giza governorate during
one year. Nile water (24 samples), tap water (24 samples) and Ground water (24 samples) were collected from
Al Ayat district, Giza - Egypt. Two water samples (1 liter volume each) were collected every two weeks from
each type of water. Samples were collected in clean, dry autoclavable polypropylene containers and sent to
parasitological laboratory, National Research Centre where they were processed at the same day of collection.
Samples were transported at ambient temperature [17, 18]. Each sample was filtered through a nitrocellulose
membrane filter (0.45 pm pore size and 47 mm diameter) using a stainless steel filter holder connected with a
suction pump. After filtration process, the membrane was inverted face to face on the surface of a non-
nutrient agar (NNA) plate seeded with heat-killed Escherichia coli. The plate was wrapped with parafilm and
incubated at 30°C for the cultivation of Naegleria amoebae. Incubated plates were daily examined by inverted
microscope (Olympus CXK 41, Japan) for 7 days for the presence of any amoebic growth [17, 18]. The
morphologically positive samples for amoebae were processed by real time PCR (rt PCR) for identification of
Naegleria species using genus specific primer.

The morphologically positive isolates of Naegleria were subjected to molecular characterization.
Naegleria Cyst walls were perforated by three consecutive applications of freezing and thawing in liquid nitro-
gen, followed by incubation in a water bath at 100°C for 10 minutes. Naegleria DNA was then extracted using
Ez-10 spin column fungal genomic DNA mini-preps kit (BIO BASIC CANDA INC.). Real-time PCR reactions were
performed in 20ul containing 4pl 5x HOT FIREPol® EvaGreengPCR Mix, 2pul DNA (1-50.0 ng/ul), 2ul (4 mM
MgCl,), 1pl forward primer (5°- gaacctgegtagggatcattt - 3°) in concentration10 pmol/pl, 1pl reverse primer (5°-
tttcttttcctececttatta -3°) in concentration 10 pmol/ul and 10ul PCR deionized water [19]. Amplifications for
Naegleria spp. programmed as follows: 1 pre-PCR heat cycle at 95°C for 10 min; 40 cycles at 95°C for 30 sec,
60°C for 45 sec. Finally a melting temperature ramp was from 65 to 95 °C at 0.3 °C/s according to the manual
instruction. By increasing number of cycles during amplification, fluorescence values from the examined DNA
increase, demonstrating the presence of the target organism. Real time PCR Naegleria-positive isolates were
processed by conventional PCR to confirm that the PCR products of these isolates were at 409 bp.
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Statistical analysis

The obtained data were statistically analyzed using one-way ANOVA through GarphPad Prism
statistical program. A p value <0.05 was considered statistically significant [20].

RESULTS

The highest occurrence of free living amoebae (100 %) was recorded in Nile water, followed by 58.3 %
and 50 % in ground water and tap water, respectively. It was found that 34.7 % out of 72 examined water
samples belonged to genus Naegleria by real time PCR. By real time PCR, the highest occurrence of Naegleria
spp. (54.2 %) was recorded in Nile water, followed by 25 % in each of tap and ground water samples (Table 1,
figure 1, 2 & 3). P. Value = 0.024 (i.e. less than 0.05) so various water types had a significant effect on the
prevalence of Naegleria spp. by using one-way ANOVA (Table 2). The PCR products (obtained from
conventional PCR) for rt PCR-Naegleria positive isolates were confirmed at 409 bp.

Concerning seasonal variations, the highest occurrence of Naegleria spp. in Nile water was recorded
in autumn (75 %), followed by 66.7% in spring and 33.3 % in each of winter and summer. The highest
occurrence of Naegleria spp. in tap water was recorded in both winter and spring (33.3 %), while the lowest
was recorded in each of summer and autumn (16.7 %). In ground water, the highest occurrence of Naegleria
spp. was recorded in both winter and autumn (33.3 %), while the lowest was recorded in both summer and
spring (16.7 %) (Table 3). By conventional statistical criteria, the prevalence of Naegleria spp. in Nile water was
not significantly affected by the seasons using one way ANOVA (P>0.05) (Table 4). Seasonal variation had no
significant effect on the prevalence of Naegleria spp. in tap water by one way ANOVA (P>0.05) (Table 5). P.
Value = 0.802 (i.e. more than 0.05) so that seasonal variations had no significant effect on the prevalence of
Naegleria spp. in examined water types by one way ANOVA (Table 6).

Table 1: Real time PCR detection of Naegleria spp. in different water types.

positive amoebic rt PCR-Naegleria +ve
Number of examined culture samples
Water type samples No. % No. %
Nile water 24 24 100 13 54.2
Tap water 24 12 50 6 25
Ground water 24 14 58.3 6 25
Total 72 50 69.4 25 34.7

Table 2: One-way ANOVA for prevalence of Naegleria spp. in various water types

SS DF MS F P value
variability among the water types (between columns) 2.722 2 1.361 4.115 0.0254
Variability within the water types (within columns) 10.92 33 0.3308
Total 13.64 35
DF: Degree of freedom SS: Sum of squares MS: Mean square
F: F-distribution variable P: Significance

Table 3: Seasonal variation of Naegleria spp. in different water types.

rt PCR-Naegleria positive samples
Number of examined samples Nile water Tap water Ground water
Seasons for each water type No. % No. % No. %
Winter 6 2 33.3 2 33.3 2 33.3
Spring 6 4 66.7 2 33.3 1 16.7
Summer 6 2 33.3 1 16.7 1 16.7
Autumn 6 5 83.3 1 16.7 2 33.3
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Table 4: One-way ANOVA for testing the seasonal variation of Naegleria spp. in Nile water
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SS DF MS F P value
Variability among seasons (between columns) 2.25 3 0.75 2.250 0.1598
Variability within seasons (within columns) 2.667 8 0.3333
Total 4917 11
DF: Degree of freedom SS: Sum of squares MS: Mean square
F: F-distribution variable P: Significance

Table 5: One-way ANOVA for testing the seasonal variation of Naegleria spp. in tap water

SS DF MS F P value
Variability among seasons (between columns) 0.333 3 0.1111 0.3333 0.8018
Variability within seasons (within columns) 2.667 8 0.3333
Total 3 11
DF: Degree of freedom SS: Sum of squares MS: Mean
square F: F-distribution variable P: Significance
Table 6: One-way ANOVA for testing the seasonal variation of Naegleria spp. in ground water
SS DF MS F P value
Variability among seasons (between columns) 0.333 3 0.1111 0.3333 0.802
Variability within seasons (within columns) 2.667 8 0.3333
Total 3 11
DF: Degree of freedom SS: Sum of squares MS: Mean square
F: F-distribution variable P: Significance
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Figure 1: Real time PCR detection of Naegleria spp. in different water types.

Figure 2: Photomicrograph for cystic form of Naegleria spp. stained with Lugol's iodine.
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Figure 3: Photomicrograph for living unstained trophozoite form of Naegleria spp.

DISCUSSION

Results of the present study revealed that members of genus Naegleria were detected by real time
PCR in 54.2 % of Nile water samples. In Egypt, Al-Herrawy et al [16] found that a lower percentage of
Naegleria-positive PCR samples reached 45.8 % in 48 Nile water samples. Other workers in Egypt detected
Naegleria amoebae in surface waters from Lower Egypt and they mentioned that the isolated Naegleria
amoebae were morphologically identified to the species level as Naegleria fowleri [21]. In other words, the
identification of Naegleria amoebae to the species level could not be achieved morphologically only, but
further approaches such as polymerase chain reaction (PCR) and deoxyribonucleic acid (DNA) sequencing
should be applied [22,23]. Other workers, in Belgium, recorded members of genus Naegleria by PCR in 80 % of
water samples collected from lakes and ponds [24]. In Malaysia, Ithoi et al [25] recorded a higher percentage
of Naegleria spp. (100 %) in the 33 microscopically-positive isolates from recreational water. On the other
hand, other workers recorded members of genus Naegleria by PCR in rivers in Belgium [26], Switzerland [27],
Venezuela [28] and Germany [29] in percentages of 56.4, 27.7, 44.4, and 11.1 %, respectively. In Taiwan,
Huang and Hsu [30] detected Naegleria spp. by PCR in 14.2 % recreational water samples. This difference in
occurrence of Naegleria spp. might be due to the difference in the number of examined samples in different
studies.

In the present study, the prevalence of Naegleria spp. by real time PCR reached 25 % in 24 tap water
samples. Other researchers in Egypt detected Naegleria amoebae by PCR in a lower percentage (16.7 %) in 48
tap water samples [16]. Other workers in Spain, detected Naegleria amoebae in 31.7 % of total examined tap
water samples [10]. In Australia, Dorsch et al. [31] established that the presence of Naegleria spp. was
associated with the unusually high summer temperatures and inadequate chlorine residuals.

In the current study, the prevalence of Naegleria-positive samples by real time PCR reached 25 % in
24 ground water samples. Other researchers in Egypt recorded the same percentage of Naegleria in 48
groundwater samples [16]. In Thailand Lekkla et al [32] detected Naegleria spp. in 35.3 % of natural hot
spring samples. The difference in detection rates of Naegleria spp. in different countries and localities may be
influenced by geographical conditions and water sources [33, 34].

The present investigation showed that the winter season was the best one for the prevalence of
Naegleria spp. in tap and ground water. Kyle and Noblet [35] concluded that the rainfall caused runoff of clay
into Lake Issaqueena that led to the increased availability of particulate matter and subsequently higher
concentrations of amoebae in surface waters. Other workers in Oklahoma, USA, also reported that high rainfall
was associated with increased agitation of sediment within stock and golf-course ponds and a subsequent
increase in the isolation of amoebae [36]. These results supported that of the current study because the winter
in Egypt is the rain fall season.
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