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Abstract. The current research aimed to diagnose Entamoeba histolytica and Entamoeba dispar by the use of nested-PCR. As the study, 100 samples of stool of patients with moderate and severe diarrhea with or without blood in the stool were collected at Tikrit Teaching Hospital, Al-Alam Hospital, and other laboratories in the Al-Alam District (between early October and late June 2025). The age of patients ranged between one month to 40 years with all genders. Diagnosis of the samples was based on morphological and molecular analysis through the Nested Polymerase Chain Reaction technique with the emphasis on the 18S rRNA gene with E. histolytica-specific and E. dispar-specific primer pairs. It was found that the general rate of infection of Entamoeba spp. was 65 percent of the total samples examined under the microscope. Molecular study of the Entamoeba genus showed that the 900-base-pair fragment of the 18S rRNA gene was detected in 88% of the sample analysed whereas the Eh1-Eh2 gene of E.histolytica was detected in 42% of the positive samples and ED-1 and ED-2 genes in E.dispar were found in 27%.                                                                                                                                                                                                       Keywords:   Diarrhea, Nested PCR, 18SrRNA, E. histolytica, E. dispar.
INTRODUCTION
  Entamoeba genus is a group of unicellular protozoa, in other words, single-celled organisms that are characterized by the use of pseudopodia (locomotion). Majority of the species of this genus live in the human intestine and cause serious illness and death to humans [1]. The Entamoeba histolytica, Entamoeba dispar, and Entamoeba moshkovskii have phenotypic similarities even though their molecular differences exist. Entamoeba histolytica is a common amoebic causing parasite. It is estimated that infections will go up to 480 million which translates to 40,000 to 110,000 deaths per year around the world. This is the third most common cause of death after malaria and the schistosomiasis. The causative organism of the disease is the active trophozoite form which lives in the wall and lumen of the large intestine especially in cecum and the terminal parts of the small intestine causing intestinal perforation, hemorrhage, stricture, granuloma formation and can result in appendicitis [4,5].
 Diagnosis of Entamoeba spp. in human feces is based on microscopic analysis with a sensitivity of only 60 percent. This method cannot morphologically differentiate E. histolytica, E. dispar, and E. moshkovskii [6,7]. Over the last few years, the molecular means, namely Nested PCR, became an important tool of specific diagnosis of intestinal amoebiasis. This is a two-cycle DNA amplification technique to reduce nonspecific signals and improve the detection sensitivity [9,10]. It also provides the qualitative differentiation of E. histolytica and E. dispar in clinical specimens. The biomolecular discrepancy between microscopic and molecular results has, as demonstrated by the field studies, pointed to the importance of nested PCR in providing accurate data on the epidemiological distribution of an individual species, in addition to assessing how likely E. dispar is as a cause of human gastrointestinal diseases [11].
 As there is a diagnostic difficulty and clinical significance to amoebiasis, there is an evident necessity to develop methods that are able to differentiate the pathogenic form of Entamoeba histolytica, and morphologically equivalent, non-pathogenic E. dispar. The shortcomings of classical microscopy can be a wrong diagnosis, and the carriers of the non-pathogenic group are treated unnecessarily, and the real prevalence of amoebic dysentery is not accurately determined. Hence, the main objective of this research is to use highly sensitive and specific Nested Polymerase Chain Reaction (Nested-PCR) method to tightly determine and distinguish between E. histolytica and E. dispar in the study region in diarrheal patients. This study is notable because it will not only give a more precise epidemiological image of these two different species but also emphasize the clinical usefulness of molecular instruments to make a reliable diagnosis. The findings should help to improve the management of patients, more precise policies to combat the disease on the population level, and the clear picture of the molecular epidemiology of amoebiasis in Iraq.
EXPERIMENTAL PART
Samples Collection
 One hundred stool samples were obtained from patients experiencing severe to moderate diarrhea, including bloody diarrhea, at Tikrit Teaching Hospital, Al-Alam Hospital, and outpatient laboratories in Al-Alam District, between October 1, 2024, and the end of June 2025. The age of the patients ranged between 1 month and 40 years and both sexes were represented. The samples were collected in sterilized yet wide mouthed plastic beakers that had securely sealed lids to help in keeping the samples moist and prevent drying. The microscopic examination was performed during the first three hours of the sample collection and focused on the areas with mucus or blood in order to pinpoint the active stage of the parasitic agent that triggered the disease. The active stage is mainly found in soft materials, but rarely in solid or semi-solid samples, which normally contain the enclosed stage. The presence of encysted stage is a common characteristic of parasitic infection [12]. The Samples were kept in DNA Shield solution.
Molecular Study
Molecular testing was performed to detect Entamoeba spp. from stool samples, based on specific genes. The method was performed according to the following steps:
Genomic DNA Extraction
DNA was isolated from the collected samples utilizing the Presto™ Mini gDNA Kit supplied by Geneaid. Subsequent to extraction, the purity and concentration of the isolated DNA were quantified utilizing a Nanodrop spectrophotometer, by assessing the absorbance at a wavelength ranging from 260 to 280 nm.
Nested PCR
  A primary PCR was performed using primers E-1 and E-2 to amplify a 900 bp fragment of the 18S rRNA gene, confirming Entamoeba spp.. Following this, two separate nested-PCRs were conducted using the 900 bp product as a template: one reaction used primers EH-1 and EH-2 to detect E. histolytica (439 bp), and a second reaction used primers ED-1 and ED-2 to detect E. dispar (174 bp).
PCR Components Preparation
The nested PCR mixture was created utilizing the PCR master mix kit provided by the Korean- Bioneer, in accordance with the manufacturer's guidelines. In the initial round, two sets of designed primers were utilized: 0.75 µL of forward primer at 10 pmol and 0.75 µL of reverse primer at 10 pmol. 3 µL of template DNA (5–50 ng/µL) was included, along with 12.5 µL of master mix. The total reaction volume was adjusted to 25 µL by adding 8 µL of nuclease-free water. Upon finalizing the PCR mixture preparation, the tubes were sealed and meticulously vortexed for 10 seconds. The tubes were thereafter placed in a PCR thermocycler to execute the cycles as per the reaction protocol. During the initial round of the PCR, the thermal protocol commenced with a pre-denaturation phase at 95°C for 5 minutes, succeeded by denaturation at 95°C for 30 seconds, followed by an annealing phase at 58°C for 30 seconds, and concluding with 30 cycles of extension at 72°C for 30 seconds. The Final Extension phase was conducted at 72°C for 5 minutes, performed once.
Second Round
The product of the initial reaction was subsequently transferred to an Exispin vortex centrifuge operating at 3000 rpm for a duration of 3 minutes. The constituents of the Nested PCR reaction in the second round were as follows: 3 μL of template DNA (5–50 ng/μL), 0.75 μL of forward primer (10 pmol), 0.75 μL of reverse primer (10 pmol), and 12.5 μL of master mix were included. The total reaction volume was adjusted to 25 μL by adding 8 μL of nuclease-free water. The thermal protocol commenced with an initial denaturation step at 95°C for 5 minutes, succeeded by a denaturation step at 94°C for 30 seconds, an annealing step at 55°C for 30 seconds, and an extension step at 72°C for 30 seconds. The cycles were reiterated 30 times. The last extension phase was conducted at 72°C for a single duration of 5 minutes.

Electrophoresis of Nested-PCR Products
 Entamoeba spp. gene amplification products were analyzed using 2% agarose gel electrophoresis. After completion of the process, the bands were detected using a UV transilluminator, and the gel results were photographed for documentation and analysis.
RESULT AND DISCUSSION
Based on the results of the study provided in Table (1), it is observed that the prevalence of the Entamoeba Spp infection among the 100, which were analyzed by microscopic examination was 65% and 35% did not show the presence of the parasite as provided in Table (1). According to the results of the current study, it was found that the rate of infection was about 65 percent of E. histolytica, which is 60 percent as reported by [13] in Salah al-Din and is close to the results of 61.93 percent reported by [14]. Conversely, this was not similar to the result of [15] at 33 percent (8.3) which was the lowest infection rate of Entamoeba species under microscopic examination. This difference might be attributed to differences in sanitation, individual hygiene, population density, style of life, and climatic conditions that favour extended cysts survival therefore increasing the likelihood of infection [16].
TABLE 1. Percentage of samples tested for Entamoeba spp.
	Examined samples
	Positive result
	Percentage
	Negative result
	Percentage

	100
	65
	65%
	35
	35%


The genetic material (deoxyribonucleic acid) of the patients who showed symptoms of infection with the parasite, numbering (100) samples, was extracted, and 88% DNA was obtained, as shown in Figure (1).
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FIGURE 1. Electrophoresis of 1% agarose gel of genomic DNA of samples after extraction.
The results showed that the prevalence of Entamoeba spp. in diarrhea samples was 88%, which is consistent with [17], who reported 83% Entamoeba spp. infection, and with [18], who reported 69.3% using multiplex nested PCR in Malaysia. However, the results differed from those reported by [19] in Tikrit, where they recorded 9.3%. Direct microscopic diagnosis cannot differentiate Entamoeba histolytica from other species such as E. hartmanni, E. dispar, and E. moshkovskii[20]. The changes observed by PCR may be attributed to several reasons, the first of which is differences in the method of extracting DNA from stool samples.
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FIGURE 2. Shows the results of the nested-PCR reaction for the 18S rRNA gene at 900 bp and 2% agarose gel electrophoresis for the Entamoeba genus for the sample group based on the use of specialized primers. The results showed the presence of a band (1, 2, 3, 4, 5,6,7, 8, 9, 12, 13, 14,15) represent the positive samples, while samples (10, 11) represent the negative samples.
The results of the Nested-PCR technique for the gene (ED1-ED2) for the samples under study. The results showed the presence of a band (174 bp) in 27% of the samples, in addition to a band specific to the sex represented by the band (900 bp) that appeared as a very weak band that could hardly be seen. This may be a result of the small number of DNA copies (copy number).
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FIGURE 3. The results of nested- PCR for the ED-1  & ED-2 gene in samples (1-15) indicate represents the positive samples. The size of the gene was 174 base pairs. Electrophoresis was conducted using a 2% agarose gel, with the standard size marker measuring 100 base pairs.
 The results of the current study are consistent with those of [21], where the infection rate with E. dispar using Nested-PCR was approximately 30.8%. They do not agree with a study conducted in Malaysia by [22], which reported an E. dispar infection rate of 5.6%. They also do not agree with a study conducted in Australia, which recorded an infection rate of approximately 70.8% with E. dispar, compared to 4.5% with E. histolytica [23]. A study in Brazil showed that E. dispar was more prevalent, with a prevalence of 90%, compared to 10% for E. histolytica among infected individuals [24]. In a similar study in India, 49.5% of patients were infected with E. dispar, while only 7.4% were infected with E. histolytica [25]. The discrepancy between studies is likely due to several factors, including differences in DNA extraction methods from stool samples, length of study, sample size, time of study, geographic location, population density, and target age group.The nested PCR specific for E. histolytica showed positive bands at 439 bp in 42% of the samples."

CONCLUSIONS
   The current work clearly shows that the Nested-PCR method is far more sensitive and specific than the traditional microscopy at detecting Entamoeba infections and that the DNA of this parasite was successfully detected in 88 percent of the samples, as opposed to 65 percent based on the microscopy. Most importantly, the prevalence of the pathogenic E. histolytica was demonstrated to be high (42 %of the positive cases) by the application of molecular diagnosis, showing a high rate of true amoebic dysentery in the study region. Also, the fact that non-pathogenic E. dispar was identified in 27 % of cases only confirms that microscopy cannot be used to provide accurate clinical diagnosis and results in a gross overestimation of pathogenic infections, which is comparable to findings internationally. The study also helps in the knowledge of the geographical differences in dominance of species and it also highlights the need to adopt localized molecular surveillance. Thus, Nested-PCR can be regarded as a necessary tool ensuring proper diagnosis and the management of a patient as well as the application of the data on the local epidemiology to inform the strategies involving the population health.
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