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ABSTRACT 

Background: Conventional drinking water treatment plants (CDWTPs) and Ground water (GWTP) are the main 2 types 

of drinking water treatment using freshwater as a source for drinking water in Egypt. Objective: The Egyptian standards 

for drinking water denied the presence of any type of living protozoa in drinking water produced for human use.  

Martials and methods: 48 water bodies were selected from Benha and Kaha districts in Qalyubia Governorate, Egypt. 

Mean turbidity, pH, conductivity, temperature, ammonia, nitrite, iron, manganese, magnesium and residual chlorine were 

recorded in each water body from two sites. Centrifuged samples were cultured on non-nutrient agar plates with 

Escherichia coli. Positive sample isolates were subjected to DNA extraction and polymerase chain reaction using genus 

and species-specific primers targeting the internal transcribed spacer region (ITS) and Mp2CL5 gene. Results: The 

prevalence of Naegleria species, N. fowleri and Acanthamoeba in the study area were 54.1% and 0% (N. fowleri and 

Acanthamoeba) of all sample examined. The removal of free-living amoebae from drinking water, it was shown that 

conventional DWTP (Benha) could get rid of 91% of FLAs present in the raw untreated water, while ground DWTP 

removed only 55.6% of these organisms. Conclusions: The conventional drinking water treatment system for surface 

water was better than that of only chlorine disinfection for ground water in removing free-living amoeba (FLAs). In 

general, the persistence of FLAs in drinking tap water unfortunately exerts public health hazards. 

Keywords: Amoebae, Microscopy, PCR, Drinking water treatment plant, Groundwater. 

 

INTRODUCTION 

“Water is life”; actually, water is the most plentiful 

compound on Earth and is vital natural resource for 

human health and essential to life. It is most important 

that water that people drink and use for other purposes 

must be clean water. The presence of microbial pathogens 

in source waters, drinking water and recreational water 

bodies is a global problem. Microbial contamination of 

drinking water contributes to disease outbreaks and 

background rates of disease in developed and developing 

countries worldwide 
(1)

. Control of waterborne disease is 

an important element of public health policy and an 

objective of water suppliers. Waterborne diseases caused 

by the consumption of contaminated water can affect a 

large number of people in a short time 
(2)

.  

According to the World Health Organization (WHO), 

two million people die each year because of such 

illnesses, the majority of whom are children under the age 

of five. Furthermore, roughly 663 million people still do 

not have access to safe drinking water 
(3)

. Free-living 

amoeba, which include the genera Acanthamoeba, 

Naegleria, Vahlkampfia and Vermamoeba/Hartmannella, 

are found all over the world. Some FLA species are 

potentially harmful to humans and flourish in a variety of 

environments, including freshwater and marine 

environments 
(4)

. The global distribution of free-living 

amoeba varies from 23% to 89%, depending on the 

geographic location 
(5)

.  

Several studies have identified the prevalence of 

living amoeba in Asia, including Thailand, China, and 

India 
(6)

. The Acanthamoeba spp. incriminated in human 

infections can cause rare, but severe infections. They 

cause amoebic keratitis, granulomatous amoebic 

encephalitis, and disseminated granulomatous amoebic 

diseases (e.g., skin, sinus, and pulmonary infections) 
(7)

. 

The genus Naegleria was originally grouped with the 

Amoebozoa because of having an amoeboid stage. 

However, based on molecular phylogenetics, it is 

currently classed as part of the Excavata 
(8)

.  

Despite the fact that there are over thirty Naegleria 

spp, only N. fowleri can infect humans 
(9)

. This species is 

most often found in warm freshwater and soil 

environments. It infects individuals when contaminated 

water containing N. fowleri enters the body by the nose 

and then migrates to the brain, where it causes primary 

amoebic meningoencephalitis (PAM), which is generally 

deadly in healthy people 
(10)

. The epidemiology studies on 

free-living pathogenic amoebae from both fresh and 

ground water have been conducted all over the world but 

their spreading in the environment in Egypt is still poorly 

understood. Therefore, the aim of the present study 

was to assess the prevalence of potentially pathogenic 
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free-living amoebae for one year from two different 

drinking water treatment plant, conventional DWTP and 

Ground water DWTP. Besides, to compare between two 

different drinking water treatment facilities (CDWTP and 

GWU) for the removal of potentially pathogenic FLAs in 

Qalyubia Governorate, Egypt using morphological and 

molecular methods of detection. 

 

MATERIALS AND METHODS 

Sampling sites: Water samples were collected from 

two different drinking water treatment facilities (a 

conventional drinking water treatment plant and a ground 

water unit). Water samples were collected from 2 

different drinking water treatment plants namely Benha 

and Kaha DWTP, located in Qalyubia Governorate, 

Egypt. Two sampling sites in Benha DWTP were 

examined representing raw (inlet) water and finished 

(outlet) water. Another two sampling sites in Kaha 

untreated ground water (inlet), chlorinated ground water 

(outlet) (Figure 1). Collected water samples were 

transported in icebox at 4-8°C to the laboratory 

(Reference lab for drinking water) at the same day of 

collection 
(11)

. 

 

Fig. (1): Diagrammatic map for locations of water 

samples in Qalyubia Governorate. 

 

Water quality: Physico-chemical and biological 

parameters were carried out according to Standard 

method for the examination of water and wastewater 
(12)

. 

 Physico-chemical characters: Physical and chemical 

parameters were measured in situ at each of the 

processing site prior to the collection of water samples. 

The physical parameters such as temperature and pH was 

measured by HACH sension 3, conductivity was 

measured by HACH sension 7, and turbidity was 

measured using turbidity meter (HACH 2100N 

Turbidimeter, Loveland, CO, USA) and chemical 

parameters such as ammonia, residual chlorine, nitrite, 

iron, manganese, and magnesium were measured using 

colorimeter (UV-1800 SHIMADZU spectrophotometer, 

Japan) in the laboratory. The parameters were then 

recorded as mean values at each sampling site were 

carried out according to APHA 
(12)

 (Figures 2, 3, 4, 5, and 

6). 

 

Statistical analysis 

The collected data were coded, processed and 

analyzed using the SPSS (Statistical Package for Social 

Sciences) version 22 for Windows® (IBM SPSS Inc, 

Chicago, IL, USA). The recorded Mean turbidity, pH, 

conductivity, temperature, ammonia, nitrite, iron, 

manganese, magnesium and residual chlorine mean of 

each sample were utilized for statistical analysis. 

Microscopic culture for free-living amoeba and PCR 

positive samples in each sample site were analyzed.  

 

Biological parameters: 

Concentration, culturing and sub culturing of 

FLAs: Water samples (one liter from each sampling site) 

were separately collected in sterile polypropylene 

containers labeled with the sampling site and date of 

collection and then transferred within 3 hours to the 

laboratory for subsequent filtration. The collection bottles 

were adequately shaken and water samples were then 

filtered using 0.45 μm nitrocellulose membrane (47mm in 

diameter) using stainless steel vacuum filter holder 

(Sartorius), non-nutrient agar (NNA) was freshly 

prepared and poured into sterile plates that were 

refrigerated till used according to Ozcelik et al. 
(13)

. In a 

biosafety cabinet using sterile wire loop, a colony of 

previously cultured Escherichia coli (E. coli) was 

dissolved in one ml sterile Page’s Amoeba Saline (PAS) 

(120 mg NaCl, 136 mg KH2PO4, 142 mg Na2HPO4,                

4 mg CaCl2. 2H2O, 4 mg MgSO4.7H2O and 1 L distilled 

water). Three to four drops of E. coli-suspension were 

distributed evenly by sterile Pasteur pipette onto the 

surface of each NNA plate. The filter paper of each 

sample was subsequently inverted and placed face down 

on the culture plate and left at room temperature for 0.5–1 

hour during which the amoebae settled and adhered to the 

E. coli lawn. The plate was sealed by parafilm and 

incubated at 37ºC base downwards (to evaporate any 

residual fluid) 
(14)

. 

 

Morphological Identification of FLA: 

 On the third day of the incubation, the filter paper was 

removed by sterile forceps and the culture plates were 

monitored daily by microscopic examination at 40X to 

identify Naeglaria cysts and trophozoites. The plates 

were considered negative after 14 days of incubation and 
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were discarded. Flagellation test was done for positive 

culture samples by incubating the amoebae in a test tube 

containing 2 ml distilled water for one to two hours to 

exclude the presence of any free-swimming flagellated 

forms 
(15)

. For sub-culturing, PAS-containing trophozoites 

or cysts were further transferred into a new NNA-E. coli 

culture plate in the same way described above and the 

plates were then checked for amoebae growth 
(16)

. To 

collect amoebae from the positive subculture plates, 

scraping of the plate surface was done using a sterile 

scalpel after adding 4–5 ml of PAS. Trophozoites and 

cysts along with the PAS were centrifuged for 5 min at 

4000 rpm in 10-ml falcon tube to obtain sufficient 

sediment of amoebae. This step was repeated three times 

in order to remove additional agar and to isolate the 

highest amount of the amoeba 
(13)

. The sediment was 

stored at –20ºC in sterile Eppendorf for subsequent DNA 

extraction, molecular confirmation by conventional PCR 

techniques using genus specific primers and further 

sequencing. 
 

Molecular characterization of the isolated FLA: 

Morphological identification showed preserved putative 

isolates of Acanthamoeba, Naegleria and Naegleria 

fowleri that were subjected to DNA extraction and 

amplified using genus-specific primers (Table 1). DNA 

extraction was done by using 1.5 mL tube containing 1 

mL of saline buffer, centrifuged at 6000 rpm for 10 min, 

and then the pellet was re-suspended in 100 mL of saline 

buffer and used for genomic-DNA extraction (by G-

spin™ Total DNA Extraction Mini Kit) following the 

manufacturer’s specifications. PCR reaction conditions 

and mixtures were performed according to Pelandakis et 

al. 
(18)

. Gel electrophoresis of PCR products was done 

using 1.5% agarose gel. The gel was stained with 

ethidium bromide to visualize PCR products under UV 

light 
(19)

. 
 

Table (1): Primers used in this study. 
Organism Primer sequence Reference 

Acantham

oeba 

 Spp. 

F JDP15`-

GGCCCAGATCGTTTACCGTGA

A-3` 

R JDP2 5`-

TCTCACAAGCTGCTAGGGAGT

CA3` 

Kilic et al. 
(20)

 

Naegleria  

Spp. 

F5`GAACCTGCGTAGGGATCAT

TT- 3` 

R5`-

GAACCTGCGTAGGGATCATTT

-3` 

Pelandakis 

et al. 
(18)

 

Naegleria 

 fowleri. 

F:5`-

GTGAAAACCTTTTTTCCATTT

ACA-3` R:5`-

GAACCTGCGTAGGGATCATTT

-3` 

Pelandakis 

et al. 
(18)

 

 

RESULTS 

Physical and chemical parameters for conventional 

DWTP. 

The physical and chemical parameters are 

summarized in (Figures 2, 3 & 4). The parameters 

(overall mean for plant Benha DWTP for raw and treated 

water respectively) included temperature (20.6, 20.94°C), 

conductivity (overall mean 412.38 and 421.04 ms/cm), 

pH (overall mean: 7.8 and 7.2) and turbidity (overall 

mean: 7.78 and 0.29 NTU (Nephelometric Turbidity 

Unit)). Meanwhile, chemical tests including ammonia 

(overall mean: 0.07 and 0.02 mg/L), chlorine (overall 

mean: 0 and 2.06 mg/L), nitrite (overall mean: 0.04 and 

0.01 mg/L), magnesium (overall mean: 0.29 and 0.11 

mg/L), iron (overall mean: 0.29 and 0.11 mg/L) and 

manganese (overall mean: 0 and 0 mg/L) were also 

measured and analyzed. 

 

Fig. (2): Mean values of temperature, pH ,turbidity from 

Benha DWTP. 

 

Fig. (3): Mean values of conductivity from Benha 

DWTP. 
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Fig. (4): Mean values of CL, Ammonia, Nitrites, Mg, Iron, 

Manganese from Benha DWTP. 
 

Physical and chemical parameters for ground DWTP: 

The physical and chemical parameters are 

summarized in (Figures 5, 6 & 7). The parameters 

(overall mean for plant Kaha DWTP for raw and treated 

water respectively) included temperature (24.13 & 

23.47°C), conductivity (overall mean 1178 & 819.42 

ms/cm), pH (overall mean: 7.36 & 7.35PH) and turbidity 

(overall mean: 3.43 & 2.07NTU (Nephelometric 

Turbidity Unit)). Meanwhile, chemical tests including 

ammonia (overall mean: 0.16 & 0 mg/L), chlorine 

(overall mean: 0 & 1.41 mg/L), nitrite (overall mean: 0 & 

0 mg/L), magnesium (overall mean: 0 & 0.05 mg/L), iron 

(overall mean: 0.41 & 0.12 mg/L) and manganese 

(overall mean: 0.17 & 0.05 mg/L) were also measured 

and analyzed. 
 

 
Fig. (5): Mean values of temperature, pH and turbidity 

from Kaha DWTP. 

 
 

Fig. (6): Mean values of Conductivity from Kaha DWTP. 

 

 
 

Fig. (7): Mean values of CL, Ammonia, Nitrites, Mg, 

Iron, Manganese from Kaha DWTP.  

 

Biological parameters:  

Pathogenic free-living amoebae were detected in 

91.6% and 75% of raw water samples from the examined 

inlet (untreated) of conventional and ground drinking 

water treatment plants respectively. Consequently, FLAs 

were detected in 8.3% and 33.3% of treated (finished) 

water samples from conventional and ground DWTPs 

respectively (Table 2).   
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Table (2): Total occurrence of potentially pathogenic FLAs in the examined DWTPs by culture and PCR. 

 Benha DWTP  Kaha DWTP 

  Raw  Finished  Raw  Finished 

 Culture PCR Culture PCR Culture PCR Culture PCR 

Examined samples  12 12 12 12 12 12 12 12 

Positive samples  12 11 1 1 9 9 4 4 

% 100 91.6 8.3 8.3 75 75 33.3 33.3 

Concerning the removal of free-living amoebae from drinking water, it was shown that conventional DWTP 

(Benha) could get rid of 91% of FLAs present in the raw untreated water, while ground DWTP removed only 55.6% of 

these organisms (Table 3). In addition, the presence of free-living amoebae in the finished water (completely treated 

drinking water) was an indication that there were some defects in the application and performance of drinking water 

treatment steps (Fig. 8). 

 

Table (3): Removal of pathogenic free-living amoebae in the examined DWTPs. 

 Pathogenic free-living amoeba 

 Benha DWTP  Kaha DWTP 

 Raw Finished Raw Finished 

Positive samples 11 1 9 4 

Removed  10  5 

Removal %  91%  55.6% 

  

 

Fig. (8): Efficiency of DWTPs for FLA removal. 

 

Significant negative correlations were observed 

between the presence of Free-living amoeba with 

residual chlorine (r = 0.786, p < 0.01) in treated water 

(Kaha DWTP). Similarly, the occurrence of free-living 

amoeba showed significant correlations with 

conductivity (ms/cm) (r = 0.599, p < 0.05) in treated 

water (Kaha DWTP). No significant correlations were 

found between the occurrence of these protozoa and the 

conductivity (ms/cm) in treated water (Benha DWTP). 

Moreover, there was also significant negative correlation 

with ammonia (r  

 

= 0.612, p < 0.05) in raw water (Benha DWTP). In 

addition, there was also no significant correlation with 

iron, manganese, nitrate, temperature, pH and turbidity 

for both (DWTP). The conventional drinking water 

treatment plant had a strong significant effect for 

removal of free-living amoebae (P-Value = 0.000) from 

the inlet raw water. In addition, the Ground drinking 

water treatment had a significant effect for removal of 

free-living amoebae (P-value = 0.001). The conventional 

DWTP was more efficient than ground DWTP for 

removal of FLAs. 

In comparison between inlets of the two 

examined drinking water treatment plants, the obtained 

data declared that the inlet of conventional DWTP was 

more contaminated with parasitic protozoa and 

pathogenic FLAs than that of ground DWTP. At the 

same time, statistical analysis revealed that there was no 

significant difference between the prevalence of FLAs in 

raw water collected from the inlets of both conventional 

DWTP and ground DWTP. 

With respect to genera of FLAs isolated in the 

present work genera (Naegleria) was isolated 

morphologically from inlet of DWTP water samples 

21/21 (100%) and 5/5 (100%) of Naegleria spp can 

persist treatment and escape to fully finished drinking 

water. None of genera Acanthamoeba and Naegleria 

fowleri were detected morphologically from inlet or 

finished water sample. Out of the 20 (95.2%) 

microscopically Naegleria-like positive inlets samples, 5 

(100%) were PCR positive using Naegleria genus 

specific primer (Table 4). None of genera 

(Acanthamoeba, Naegleria fowleri) was amplified by 

species-specific primer (Fig. 9). 
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Fig. (9): PCR amplification of internal transcribed spacer (ITS) rDNA region. Lane M: DNA marker of 50 bp molecular 

weight. Lane 1: Negative sample. Lane 2, 3, 4, & 5: Positive samples. Lane 6: Positive control. Lane, 7: Negative control. 

 

Naegleria trophozoite showed uroid, lobopod, and multiple vacuoles in the cytoplasm; measures of 20 to 35 µm in length 

with an average of 27.5 µm. At the anterior end, a wide hyaline lobopod was observed, and at the posterior end, a 

prominent villous uroid was observed. Cysts were round, smooth and of double wall with pores; they measured on 

average 15 µm in diameter; the nucleus showed chromatin granules in the periphery, and a centric dense small nucleolus 

surrounded by a clear halo (Fig. 10). 

 

Table (4): PCR positive samples for free-living amoeba in different sampling sites of examined DWTPs. 

Sampling sites Positive 

amoeba 

(agar) 

Acanthamoeba 

(PCR) 

Naegleria spp. 

(PCR) 

N. fowleri. (PCR) 

Positive % Positive % Positive % 

Inlets of DWTPs 21 0 0 20 95.2 0 0 

Finished water 5 0 0 5 100 0 0 

Total  26 0 0 25 96.1 0 0 

 

 

  
 

Figure (10): Fresh unstained Naegleria trophozoite (A) and cysts (B). 

  

A B 
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DISCUSSION 

Drinking water treatment-plant plays a key role in 

providing safe drinking water to consumers and the 

findings from this study will give us an insight on the 

water quality as well as processing sites that needs 

regular monitoring and intervention steps to be taken. 

Raw water is easily contaminated, thus, drinking water 

need to be processed in the treatment plant before 

being distributed. Coagulation and flocculation process 

is considered an essential component in a treatment 

plant to assist filtration process to function effectively, 

hence, able to remove microorganisms as well as other 

solid matters caused by soil erosion or decaying 

vegetation 
(21)

. 

Investigation of physical and chemical parameters 

of 48 water samples demonstrated that almost all the 

parameters (turbidity, remaining chlorine, temperature, 

pH, ammonia, nitrite, iron, manganese, magnesium and 

conductivity) were in normal range considering 

standards of APHA Organization. In addition, 

temperature of water resources contaminated with free-

living amoebas was studied, which showed that these 

amoebas could grow and be present at temperate 

temperature ranging between 12 and 25.9 °C. These 

results are in agreement with Ghadar-ghadr et al. 
(22)

. 

The maximum occurrence of free-living amoebae 

in water samples obtained from raw surface water 

(inlet of Benha DWTP) was 91.6 % in Benha DWTP, 

followed by 75 % in Kaha DWTP in Qalyubia 

governorate in the current study. Other researchers in 

Egypt found FLAs in 75% of Nile water samples from 

Giza governorate and 91.7 % of raw surface water in 

Fayuom governorate 
(23)

. Other investigations in other 

countries, such as Bulgaria 
(24)

 and Japan 
(14)

, reported 

that FLAs were discovered in 94 percent and 68.7 

percent of surface water, respectively. FLAs were 

isolated from surface source waters with a high 

frequency (75-100%) in the United States 
(25)

. Other 

studies in Egypt's Minofeya governorate found 

pathogenic free-living amoebae in all studied water 

samples from the entrance (raw surface water) of 

Quisna DWTP (ground water) 
(26)

. Moreover, FLAs 

were detected in 85.7 % of samples from well water in 

Italy 
(27)

 and 44.4 % of samples from well water in Iran 
(22)

. Free-living amoebae were detected in 41 (85.4 %) 

of 45 samples from various springs in Mexico 
(28)

. 

Topographic characteristics and the quality of raw 

water sources may influence the variation in FLA 

detection rates in different countries and locations 
(29)

.  

The current study found a significant difference in 

the presence of pathogenic FLAs in generated drinking 

water from the two DWTPs studied. The pathogenic 

FLA contamination of conventional DWTP finished 

water was lower than that of ground water DWTP 

finished water. Al-Herrawy et al. 
(23)

 documented 

results of completed water in Giza governorate for 

conventional DWTP (16.7%) and (29.2%) in Minofeya 

governorate for ground DWTP in Egypt 
(9)

. 

In the current study, the removal effectiveness of 

free-living amoebae throughout the drinking water 

treatment process was found to be greatest in Benha 

DWTP (91%), followed by Kaha DWTP (55.6 %). 

Other Egyptian researchers discovered that treatment 

techniques used at various phases of drinking water 

treatment manufacturing in Giza governorate were able 

to eliminate 76.2 % of FLAs found in the input water 
(23)

. Although all intake samples from Giza governorate 

DWTP included FLAs, this record was lower than that 

of the current investigation. The increased elimination 

of FLAs from Benha DWTP, in our opinion, indicated 

that treatment processes were conducted more 

efficiently than in Giza governorate DWTPs. FLAs 

were also found in ground water in Egypt, with the 

highest percentage removal effectiveness (70.8%) in 

Quisna DWTP in Minofeya governorate 
(9)

.  

The presence of FLAs in untreated ground water 

was unexpected as the ground water is more conserved 

and considered inside a closed earthy system than raw 

surface water, which is an open system directly 

exposed to different environmental contaminants. 

Moreover, the treatment process in Benha DWTP was 

considered a complete conventional drinking water 

treatment system in which each treatment step (coarse 

sieves, coagulation, sand filtration and final 

disinfection) removes part of raw water contaminants 

(including FLAs). So, most of the debris including 

FLAs are removed by these formerly mentioned steps 
(30)

. In the same time, the final disinfection step (3-5 

ppm chlorine) kills viruses, bacteria, algae and only 

some vegetative forms of protozoa including FLAs, but 

cyst forms of FLAs are resistant to this disinfection 

dose. On the other side, no treatment steps occurred in 

Kaha DWTP, except the usual disinfection dose of 

chlorine that does not exceed 7ppm even in hot 

seasons. Other workers agreed with us in that the usual 

chlorine dose used for disinfection of the produced 

drinking water is ineffective of killing protozoa, 

especially cyst stages of FLAs 
(31)

. 

In the present work, the prevalence of amoebae 

belonging to genus Acanthamoeba was not detected in 

the examined water samples neither by morphological 

criteria nor by PCR techniques. To the best of our 

knowledge, amoebae of genus Acanthamoeba was not 

isolated from the Egyptian aquatic environment in this 

study. Although, the presence of this organism in a 

higher percentage (100%) in almost all the examined 

water type in fayoum governorate, Egypt 
(32)

. This 

might be due to high cultivation temperature (37°C) or 

by geographic distribution. 
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By PCR, 95.2 % of the morphologically 

identifiable Naegleria strains isolated from raw water 

samples were shown to be linked to the genus 

Naegleria in the current investigation. Other 

researchers in Egypt discovered that in microscopically 

positive isolates from Nile water, the recovery rate of 

Naegleria-positive PCR samples reached 88.9% 

(almost identical to the current study) 
(33)

. In 26 

culturally positive Nile water samples for Naegleria, 

other Egyptian researchers found a slightly lower 

percentage of Naegleria (82.9 % and 80 %) by PCR 
(31)

. Members of the genus Naegleria were found in 80 

percent of water samples taken from lakes and ponds in 

Belgium. Other workers recorded members of genus 

Naegleria by PCR in rivers in Belgium and 

Switzerland 
(34)

 and Venezuela and Germany 
(35)

 in 

greatly lower percentages than that recorded in the 

present study, reaching 56.4, 27.7, 44.4, and 11.1%, 

respectively.  

In the present investigation, the prevalence of 

Naegleria by PCR reached 100% in the 5 culturally 

positive tap water samples for Naegleria. Other 

workers in Egypt detected Naegleria amoebae by PCR 

in a slightly zero percentage (0%) in microscopically 

positive tap water samples 
(33)

.  

According to the results of the present study, by 

using the species-specific primers none of the detected 

samples Naegleria isolates proved belonging to the 

species N. fowleri. This species was reported from 

Egyptian aquatic habitats 
(32)

. As N. fowleri is the only 

species of Naegleria capable of infecting and causing 

pathology to humans 
(8)

, its absence means that there 

are no hazards associated with the presence of 

Naegleria isolates in the present study. Absence of N. 

fowleri might be due to the low cultivation temperature 

(37°C), or more likely, a true absence, as no clinical 

case of PAM has been reported in Egypt. The absence 

of PAM cases in Egypt, whether due to a low 

prevalence of N. fowleri in aquatic environment or a 

misdiagnosis of PAM cases, necessitates further 

molecular studies in Egypt using greater sample 

sizes
(33)

. 
 

CONCLUSIONS 

The conventional drinking water treatment system 

for surface water was better than that of only chlorine 

disinfection for ground water in removing FLAs. In 

general, the persistence of FLAs drinking tap water 

unfortunately exerts public health hazards. 
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