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Introduction 
Free-living amoebas (FLA) are prevalent protozoa present 

in diverse environments such as soil, dust, water, and air, 

contributing significantly to the field of environmental 

microbiology. Free-living amoebas represent a diverse 

group of strains, derived from various branches of the 

protozoan ancestral tree (Schuster & Visvesvara 2004, 
Guimaraes et al. 2016). Since the invention of the first 

microscope, extensive research has been conducted on the 

eukaryotic group, including amoeba (Siddiqui & Khan 

2012). Amoebas are capable of inducing a range of 

illnesses, including epithelial issues and conditions like 

keratitis or potentially fatal encephalitis. Notable species 

includes Acanthamoeba spp., N. fowleri, B. mandrillaris, 

S. pedata, Vahlkampfia spp., Paravahlkampfia spp. 

(Schuster & Visvesvara 2004, Sumperos et al. 2025), and 

Vermamoeba spp (Scheid et al. 2019). These pathogenic 

microbes exhibit a life cycle characterized by two distinct 
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ABSTRACT 

Free-living amoebae (FLA) are gaining attention due to their associated with 

serious infections and their role as biological carriers for various bacteria and 

viruses. This study was conducted in Al-Nasiriyah City, southern of Iraq, to 

detect the prevalence of FLA and related giant viruses (Mimivirus and 

Marseillevirus) in different water sources using morphological and molecular 

approaches. A total of 87 water samples including tap water, mid river, Cliff 

riverbank (cliff of river), waterwheel, waste water and refrigerator and air 

conditioner water samples) were collected and cultured on non-nutrient agar 

seeded with Escherichia coli to isolate FLA. Polymerase chain reaction (PCR) 

and sequencing were performed to confirm the FLA identification FLA and 

detect associated mimivirus and marseillevirus. The results showed that 11.5% 

of samples were positive for FLA, while 3.4% were positive for each Mimivirus 

and Marseillevirus. Majority of FLA isolates (7 out of 10) isolated from cliff of 

river, which also contained all Mimivirus-positive samples in contrast, 

Marseillevirus was detected in mid-river and tap water, with statistically 

significant differences (p ≤ 0.05). A strong correlation was observed between 

Mimivirus and FLA occurrences (p = 0.002), whereas no significant association 

was found between Marseillevirus and amoebic isolation., This study revealed 

that diverse water sources in Iraq serve as potential reservoirs for potentially 

pathogenic FLA. Thus, this is the first report of Mimivirus and Marseillevirus 

in Iraqi’s aquatic environment, underscoring the need for further research on 

their prevalence and ecological roles. Regular monitoring of water sources is 

recommended to assess public health risks. 
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stages: a resistant stage referred to as the zygote phase, 

and an active vegetative phase. Opportunistic amoeba 

causes some disease for human like Acanthamoeba spp. 

causes GAE, AK and Pulmonary infection.  

The primary diet of FLA includes not only organic 

particles, but also microorganisms such as bacteria, 

protozoa, and fungi (Cateau et al. 2014, Schulz-Bohm et 

al. 2017).  Research has shown that pathogenic bacteria 

capable of residing trophozoites or cysts utilize FLAs as 

both reservoirs and transmission vectors (Lorenzo-

Morales et al. 2015, Mella et al. 2016). Through the 

utilization of these protozoa as carriers, various bacterial 

species have developed resistance mechanisms against 

FLA digesting enzymes known as (Amoeba-Resistant 

Bacteria (ARBs).  

The Nucleo-Cytoplasmic Large DNA Viruses 

(NCLDV) represents a class of viruses that infect a 

diverse range of hosts. Recent advancements in virus 

isolation and genetic techniques, including sequencing, 

have resulted in a significant increase in various 

NCLDVs. The identification of large viruses in the early 

21st century has sparked renewed debate about the role of 

viruses in evolution (Sousa-Ramos et al. 2021, La Scola 

et al. 2003, Moreira & Brochier-Armanet 2008). The 1-

µm-long particles of Pithovirus can be observed under a 

light microscope, while the 2.5 Mb genomes of Pandora 

viruses, surpassing those of many biological organisms, 

encode more than 2,000 proteins, predominantly ORFans 

(Forterre & Gaïa 2016, Mihara et al. 2018, Legendre et al. 

2014). Large viruses’ constituent the valid part of the 

virosphere, however, they depend on the infected cells for 

energy production and protein synthesis, despite these 

unexpected traits (Iyer et al. 2001, Koonin & Yutin 2010). 

Acanthamoeba polyphaga Mimivirus is the first 

discovered giant virus, characterized by a genome size 

of1.18-Mb and virion particle measuring 0.75-μm. It 

serves as the prototype for large viruses, commonly 

referred to as giruses (Koonin & Yutin 2010, Yutin et al. 

2013). Following the identification of these enormous 

Mimivirus in freshwater, NCLDVs have gained more 

attention. The sequencing of mimivirus genetic content 

has led to a creation of numerous near homologs in 

ecological sequence data. This virus possesses 979 genes 

that codes for various proteins, with the genome of APMV 

measuring 1.2 Mb in size. Certain APMV genes, 

including genes coding translation factors and aminoacyl 

tRNA synthetases, are unique to the enormous viruses 

found in amoebas (Dornas et al. 2014).  

A novel group of large amoebic infecting viruses is 

classified under the family "Marseilleviridae". This virus 

was isolated from a water sample of a cooling tower after 

being cultured in 2007, known as Acanthamoeba 

polyphaga marseillevirus (APMaV). The virus has a 

diameter of approximately 250 nm, exhibiting an 

icosahedral structure and a genome size up of 368,454 

base pairs (bp) of circular DNA. The genome, exhibiting 

a GC level of 44.7% is expected to encode 457 proteins 

(Boyer et al. 2009, Kutikhin et al. 2014).  

The aim of the study is to detect the prevalence of 

FLA and related giant viruses (Mimivirus and 

Marseillevirus) in different water sources using 

morphological and molecular approaches in Iraq. 

 

Materials and Methods 
Samples collection 

This study was conducted in Al-Nasiriyah city, locate in 

the Thi-Qar province of southern Iraq, along with its 

suburbs, during the timeframe from October 2023 to April 

2024. The samples were collected from various sources 

including the Euphrates River (mid and cliff), waterwheel, 

waste water, tap water, refrigerator and water of air 

conditioner. A total of 87 samples as shown in table 1 were 

collected in sterile containers and were promptly 

transferred to the laboratory of parasitology at the college 

of sciences/University of Thi-Qar for analysis. 

 

Table 1. Sources of samples in this study 

 

 

   

 

 

 

 

 

 

 

 

 

Isolation and Identification of FLA  

To isolate FLA, water samples were centrifuged at 

3000 rpm for 10 min. The precipitate was cultured on 

1.5% non-nutrient agar plates to which a suspension of 

heat-killed Escherichia coli (60°C for 1 h) was added and 

they incubated at 25°C, 35°C and 30°C for 30 days. Each 

sample was examined microscopically within two days to 

detect microorganisms or FLA cysts according to the 

taxonomic keys for diagnostic morphological characters 

(Tsvetkova et al. 2004). 

 

Molecular diagnosis 

DNA extraction  

The plate was washed thoroughly with PBS for 

growth; the suspension was centrifuged at 5000 rpm for 

10 min. The precipitate was used for DNA extraction 

using Gsync DNA Extraction Kit (Geneaid-Taiwan) 

Type of sample Frequency % 

Mid  13 14.9 

Cliff 29 33.3 

Waterwheel 15 17.2 

tap water 23 26.4 

waste water 1 1.1 

Refrigerator 3 3.4 

air conditioner 3 3.4 

Total 87 100.0 
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according to the manufacturer's instructions in the kit 

leaflet. 

 

Polymerase chain reaction 

Detection of FLA  

    Amplification of FLA DNA was performed using the 

universal primer pair that produce 800 bp PCR products 

to identify amoeba isolates FLA-F                                            

(5′- CGCGGTAATTCCAGCTCCAATAGC−3) and 

FLA-R (5′- CAGGTTAAGGTCTCGTTCGTTAAC−3′) 

(Hendiger-Rizo et al. 2024). The PCR reaction was 

performed using master mix (Promega-USA), the final 

volume of reaction mixture was 25 μl including 12.5 μl 

master mix, 1.5 μl from each forward and reverse primer, 

5 μl DNA and the volume was completed by 4.5 μl of 

distilled water and PCR was done by using thermos-cycler 

(Eppendorf-Germany).  

     The cycling conditions including a primary 

denaturation step for 15 min at 94 °C, followed by 40 

cycles at 94 °C for 30 s, annealing at 54 °C, for 30s, and 

an extension at 72 °C for one min. Final extension step at 

72 °C for 10 min. The PCR products were visualized on a 

1.5% agarose gel containing ethidium bromide in 

compared with a 100 bp DNA ladder (Promega-USA) 

(Reyes-Batlle et al. 2021). 

 

Detection of Giant viruses  

     For the detection of Mimivirus and Marsillivirus, 

specific primers targeting the polB and D5 helicase genes 

as indicated in table 2 were utilized.  The reaction was 

conducted using 4 μl of target DNA in an amplification 

mixture that included 12.5 μl of master mix and, 1.5 μl of 

both forward and reverse primers for each test. The final 

reaction volume was adjusted to 25 μl by the addition of 

nuclease-free water. The PCR protocol consisted of an 

initial 15 minutes at 95 ◦C, followed by 40 cycles which 

involved of denaturation at 95◦C for 1 minute, annealed at 

52◦C for 1 minute and extension at 72◦C for 1 minute., 

concluded with a final extension at 72◦C for 10 minutes 

(Dorans et al. 2015, Pagnier et al. 2013). 

 

Statistical Analysis 

      The results of this study underwent analysis by using 

Statistical Package for Social Sciences (SPSS) version 22. 

In all types of tests, p-value ≤ 0.05 was considered. 

Significant. The Chi-square test was employed to analyze 

the differences among various data parameters. The 

correlation coefficient was calculated using the Pearson 

coefficient test (r).  

 

 

 

 

Table 2. Specific primers for detection of mimivirus and            

marsillivirus (Dorans et al. 2015, Pagnier et al. 2013). 

 
Gene   Prime

r 

Primer sequence (5ʹ-3ʹ) Size 

(bp) 

polB F   AAACAGGTGCACCAACA

TCA 

230   

R  GGTTTCCATTTTGACCCA

AG 

D5- 

helicase 

F   TCTGGGAGTGGGCTTTAT

CT 

180   

R  AGGGTAATGACCTCGGG

TA 

 

Results  

The analysis revealed that 11.5% of the 87 samples tested 

positive for FLA primer. Both types of giant viruses, 

including Mimivirus and Marseillevirus were recorded at 

a rate of 3.4% each, with highly significant differences as 

shown in table 3 and figures from 1 to 3.. 

 

Table 3. The frequency of FLA, Mimivirus and 

Marseillevirus in different water samples.  

 

 

 
 

Fig 1. Agarose gel electrophoresis of PCR of FLA 

universal primer (800) bp. M: 100 bp DNA ladder; 

other lane represents the No. of samples where No. 

(73, 75, 80, 81, 82) were gave a positive results 

(distinct band of tested gene 18S rDNA) 

 

 

Organisms FLA Mimivirus Marseille-

virus 

No. % No. % No. % 

Res

. 

Pos. 10 11.5 3 3.4 3 3.4 

Neg. 77 88.5 84 96.6 84 96.6 

Total 87 100.0 87 100.0 87 100 

X2 / p value 51.598/0.000 75.414/0.000 75.414/0.000 
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Fig 2. Ethidium bromide-stained agarose gel revealed 

amplification products of FLA, polB and 5D Hel. 

Primers that gave a PCR products (800,230,180) bp for 

detection FLA, mimivirus and marseillevirus 

respectively. M: 100 bp DNA ladder; lane 7 (white) 

gave positive band for FLA, Lanes 8, 10 (red) were 

positive for mar, while lane 7 (yellow) gave 230 bp 

band for mimivirus.  

According to distribution of organism’s isolation 

according to location. The results found that there were 

significant differences according to FLA (p= 0.012) while 

for the location of isolation Mimivirus and Marseillevirus  

There were no significant differences p= 0.400 and 0.282 

respectively, the results shown in table 4.  

A strong correlation was identified through Chi 

square analysis between Mimivirus and FLA frequencies, 

with two isolates of the virus detected where alongside 

FLA in the same samples, exhibited high significant 

differences (p value recorded at 0.002). There was is no 

significant relation between Marseillevirus and the 

records of amoebic isolation as shown in (table 5). 

Pearson Correlation coefficient showed no significant 

correlation between site of samples and rate of isolation 

for organism under this study, while the high positive 

correlation was recorded in the frequency of isolation of 

FLA and mimivirus where Pearson Correlation was 

recorded 0.327 and p value 0.002 as revealed in table 6.  

 

 

 
 

Fig 3. Free living amoeba detected based on morphologic characteristics by wet mount. 

  

Table 4 Distribution of organisms according to location of isolation. 

 
 

Organism 

FLA No. / % Mimivirus No. / % Marseillevirus 

No. / % 

 

Total 

Positive Negative positive Negative positive Negative 

Location Mid of river 1/ 1.1 12/ 13.8 0/ 0.0 13/14.9 2/ 2.3 11/12.5 13 

Cliff of river 7/ 8.0 22/25.3 3/ 3.4 26/29.9 0/ 0.0 29/33.3 29 

Water wheel 0/ 0.0 15/17.2 0/ 0.0 15/17.2 0/ 0.0 15/17.2 15 

tap water 1/ 1.1 22/25.3 0/ 0.0 23/26.4 1/ 1.1 22/25.3 23 

waste water 1/ 1.1 0/0.0 0/ 0.0 1/1.1 0/ 0.0 1/1.1 1 

Refrigerator 0/ 0.0 3/3.4 0/ 0.0 3/3.4 0/ 0.0 3/3.4 3 

Air conditioner 0/ 0.0 3/3.4 0/ 0.0 3/3.4 0/ 0.0 3/3.4 3 

Total 10/ 11.5 77/88.5 3/ 3.4 84/96.6 3/ 3.4 84/96.6 87 

X2 / p value 16.324 / 0.012 6.214 / 0.400 7.441 / 0.282  

Table 5 Relation of FLA isolation and the frequency of viral isolation 

 

 

 

 

 

 

 

 

 Mimivirus Marseillevirus Total 

positive Negative positive Negative 

FLA 
Pos. 2 8 1 9 10 

Neg. 1 76 2 75 77 

Total 3 84 3 84 87 

X2  / p value 9.297 / 0.002 1.457 / 0.227  
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Table 6 Correlation between site of isolation and the frequency of detected organisms  

 
 Locatio

n 

FLA Mimivirus Marseillevirus 

Location 

Pearson 

Correlation 
1    

Sig. (2-tailed)     

FLA 

Pearson 

Correlation 
.124 1   

Sig. (2-tailed) .254    

Mimivirus 

Pearson 

Correlation 
.117 .327** 1  

Sig. (2-tailed) .280 .002   

Marseillevirus 

Pearson 

Correlation 
.117 .129 -.036- 1 

Sig. (2-tailed) .280 .232 .743  

N 87 87 87 87 
                                      **. Correlation is significant at the 0.01 level (2-tailed). 

 

Discussion 

Free-living amoeba (FLA) is found in diverse 

environments of the world, including soil, air and water 

(Lass et al. 2014). Research indicated that its nutrition 

primarily consists of bacteria, fungi and algae, obtained 

through phagocytosis, with digestion taking place within  

lysosomes (Edagawa et al. 2009).This type of organism 

has been isolated in various environments, including the 

ocean, water supplies, fresh water, tap water, sea water,  

hot water, irrigation water, plants, contact lens cases, mud, 

dental units and solutions, as well as in air dust and the 

feces of some animals (Marciano-Cabral & Cabral 2003, 
Hussain et al. 2022). Recent studies indicated that free-

living amoeba exhibited resistant to chlorine and various 

substances (Dupuy et al. 2014).  

The current study revealed that FLA was detected in 

11.5% of water samples analyzed. The distribution of 

FLA based on the location revealed a significant isolation 

rate from the river, with 7 out 10 isolates identified at a 

rate of 8% (p value= 0.012). In addition, the other three 

isolates were found in middle of river, tap water, and 

waste water. These types of amoebae have been detected 

in different percentages globally (Di Filippo et al. 2015, 
Coşkun et al. 2013) which can be attributed to several 

factors, including variations in isolation techniques, 

characteristics of water source, and types of samples used. 

However, factors that influenced the occurrence of 

species are of concern to researchers, as amoebas are free-

living organisms, and have the ability to cause severe 

infections such as central nervous system infections, 

keratitis, and other disorders. (Lass et al. 2014, Hussain et 

al. 2022, Khan 2006, Walochnik et al. 2000). The 

variations in the environmental factors, including climate, 

can influence the rate of amoebic isolation. Specific 

factors, such as temperature and water salinity, 

significantly impacted amoeba growth. The identification 

of FLA through the cultivation of amoebas in culture 

utilized PCR techniques validated their viability. The 

resistance of FLA cysts and the reproductive capabilities 

of these parasites in various water systems were likely to 

determine the widespread distribution of this free-living, 

pathogenic amoeba (Di Filippo et al. 2015, Thomas & 

Ashbolt 2011, Bassad et al. 2024). These results 

demonstrated significant importance, given that many 

individuals in Thi-Qar Governorate engage in swimming 

in the river or in contaminated tap water, and are thereby 

exposing themselves to the risk of amoeba infection. 

This study represented the first investigation in Iraq 

that addressed the detection of giant viruses within the 

local environment. The results revealed that the 

prevalence of Mimivirus and Marseillevirus in water 

samples was 3.4% for each, with all Mimivirus positive 

samples obtained from the river’s cliff. Marseillevirus 

was identified in mid river sampled at the rate of 2.3% and 

in tap water at 1.1%. The results aligned with other studies 

that detected NCLDV across various aquatic 

environments. The study findings revealed a strong 

positive correlation (p value= 0.002) between the isolation 

of FLA and the presence of Mimivirus in the water 

samples analyzed, which indicated that FLA played a 

significant role in the prevalence of these viruses in the 

aquatic environments. 

Large cytoplasmic DNA viruses (NCLDVs) 

represented a novel virus composed of diverse and novel 

families of viruses. The first discovery of a giant virus 

occurred in 2003, with Acanthamoeba polyphaga 

Mimivirus (APMV), and since then, there has been a 

significant rise in the identification of large viruses                

(Diesend et al. 2018). Several virus families, including the 

Mimiviridae family, the Marseilleviridae family, and the 
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Pandoraviruses have been isolated from various 

environments (Boyer et al. 2009, Aoki et al. 2019).  

The viruses belonged to Mimiviridae family 

represented the largest number of viruses and genomes 

identified to date. The genomes of Mimiviruses surpass 

those of both parasitic and symbiotic bacteria, approached 

the size of the smallest known free-living bacteria and 

archaea. These viruses have been isolated from diverse 

aquatic habitats. The Marseilleviridae family comprised 

of single-stranded DNA viruses characterized by 

molecular sizes of approximately 250 nm and genomes 

that ranged from 350 to 380 kb. The Marseille virus itself 

was isolated from a cooling tower in France (Coşkun et al. 

2013, Bassad et al. 2024). Several other members of the 

Marseilleviridae family have been identified in aquatic 

environments, as along with their presence in the gut of 

humans and insects (Boughalmi et al. 2013, Lagier et al. 

2012). The significance of viruses as human pathogens 

has been fully acknowledged. In a limited number of 

reported cases, antibodies to Mimiviruses have been 

identified in the majority of patients who suffered from 

pneumonia (Raoult et al. 2006, Sakhaee et al. 2020). 

Additionally, antibodies against Mimivirus have been 

associated with rheumatoid arthritis. Furthermore, 

Marseille virus was found in most lymph nodes of a 

patient diagnosed with Hodgkin's lymphoma, which was 

associated with the presence of IgG antibodies against the 

virus (Shah et al. 2014, Sahmi‑Bounsiar et al. 2021, 
Aherfi et al. 2016). Marseille virus is considered a 

potential supplementary viral etiological agent for 

lymphoma and has the potential to be transmitted to 

immunocompromised patients, especially through 

contaminated water sources. Amoebae are widely 

distributed in nature, and their association with giant 

viruses poses significant risk factors for human infections. 

Especially in immunocompromised patients. 

 

Conclusion 
In conclusion, the high isolation rate of FLA poses a 

health risk in water sources due to the increasing 

incidence of FLA infections worldwide, so should be 

recommends raising awareness about the prevalence of 

this amoeba in various water sources used by the general 

public in their routine lifestyle. The giant virus requires 

to extensive study in the Iraqi environments due to the 

impressive progress made in the field of giant viruses, 

the study of giant viruses is new and there is still much 

to learn about their host-giant interactions and ecological 

roles. In this study the main recommended to use 

screening for FLA in the microbial screening program of 

program of the tap water in Iraq.   
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